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file tlit»4« •iitttlta« 00 Inofianto t«Mi«li0iM(*r« 
and e»tMf«t««timi of Mvtmvv* im mwiM Into ttw e1i«pt«fP«« 
Ffrat ^Umpfr tftttl* vtth tti« g«a«r«l iBtro^ttott* Stecmd and 
ttiird ofiept«r6 fnelnde tbt pnpBratim ond 4oti*exotiaiiie properties 
of t«ro new ffiovfanlo tmi»exetiiiitS«re» Stodfee on laeotittsfiwi of 
tim e^ansliatiie ere emiisrteed in foortb eMpter i^fle & 
tlie epeotropiiototsetrle detenelaoiton of ett(ft) deeorlftea la 
ttie fif«ti ohepter, 
M eidfieiietfve earver of the llteretore on the ooaoemed 
topic te §o!wert«ea in ttie ftret oiiapter wfetoli le tb© ieneral 
introaootloii of ttie earlier mtk done tn tlile fteia* A orfttoel 
review of ttie Ilteretm^ ettnrey opto ttirongti ^ e erai table 
JOQfnale end oliesitoal ebatraete bee hem given* tn order to 
mk9 the preeentetlon oonotee the earlier work on tlie ton-exolianger 
of doable eelt tjrpe 1e preeented In a tabaler fono ulileli eleo 
give* certain ipportrnt findlnge on titeee saterlele, Referenoee 
<Mi esmthetio Inors^lo lon^xebengere are lieeed on prepnratlOBf 
propertiee, eeparatlone end aeelienlea of 1oa»ex6liattge idille 
refereneee on epeetmi^otoffletiT eonflned to metttode eaployed 
eerller for the deteminetioa of oopper(TT)* 
fa the eeoond ehapter the esmtheele end 1on*esehenie 
propertiee of e new laorKenie 1on*eaiehanger» tltealoa 
tangstoartvnatft fttanimB tiit}|7st0ei««a«t» 
prvpavti hy fixfiig 0«tlilf sodtim tiiiii«tet« m^ 0«t0M 
Mafmi omiiAfc mtntim9 wt^ « yolatlioii of «it«if«Hi(tir) 
etiloHa* In different r«ttoc In ]>r»«eiie# of lisrdroetilorto aefa 
to ii»l»tofii • €«flfift« p o pi«el^ttat# we* eltomid to ota^ 
for hour* In ^ laotlior l i^or* Mter filtrotfoiit voebli^ 
oad tHeii avr^i^i tfte tsfitesrtal who to tir€rdtg#« for@ 
lif tiio troetaieot fltH mt i io oofd* proanot pret^ erwa the 
ntflfig rotfo of fItVtAo es tftt@ lifi* fotina to Kost 
siiltalilo ana tiio]fofor«t foot of tbo otodle^ eonfloea to 
«bt0 maple only* flte«ilo» tnngotoertenato tlio© proporeS 
00 m ifoiili a«ti<»i oxobiiagfir oaS oliotrii aifforentiol 
oeteottvftF tmetr&e nam t^tol Ions* fto affftiltsr for 
fl»(rf) fieae tt osiifnl for ooise soparatloiio* Separotfoiie 
of leiulCtt) irm efnoCff), mmmmmmin) m& 
mpp9w{ff) ttofo beta ^eatltatlvoly eelif«iree# ^ tttrotloao 
bovt olto tiecn iporforeofl on tbfs iMitorfol ta tirfirofoa foro to 
lavootfioto tho boliovtoor of roi»l«o«oble ti|r<irogoa toeo* 
Vlio tliird eliaptor daala irltb tba proiiarattoa of Miothar 
BOW taofgaole to»»«xeliaaio eatoHal wblob baa baea foooa to ba 
blgbly aalaotlw for aaifsoty<??)•_ *ba sMitarfal baa baaa i>ra{iara« 
by afsg l^a artxfag of a^oaooa aolatfana of aoaimi aaiaafta aad 
OMBoatiMi oarrto aolpbata oa^ar •ariad ooadttloaa* fba ^rodoat 
fofvaa by fdxiai 0«05li aolot<ona of ammitii» earrfo aolfibata 
•M ••itwi MlciBlt* is ill* r«tt<i of iit^at * t iia* %Mni 
foiOiA t9 m99t fiiltaliit* m t«« t«ii*<nMli«ig» 
e«9«eltri vmyetiwtim^ sti^iSitsrt «lt«Bf«ttI empmtttmt 
pB-tttrsttoii OBd iitat trt«t»»nt li«r» ^tea «•«•« IHstrlbuttm 
i3o«tftel«iittt of « niii^er of laetal Ions bmro l^iftett Hotoyntvod 
mM on tti9 l»a»ffi of afffo»iiioo to di»tr|l>iitt<Mi ooofffolenio 
«0M» toq^ftciit trt«d« Hiooo prmtimlliy 
fw»liloir«d turn rofiovioi In tlbfo oti@{»t«r« me liffti ttoteettvlty-
towartfo iieinitit3rCtf) gives ^ tmporloiioo of flto tseterfel for 
tbe otoar of toxle ©iSm%9 on plants md aattaalo* 
fteo foar^ otsaptar doelo ^eltli the oe^aBieei of m t i m 
•jMdiaiige on Btmnte ttmmmtft9 Uitmtie tsoesorefseote «rero 
l^rforiatd notiig IfaltoS Imth teotmt^Qo* fte effeote of ooaooitin* 
tto»t tmip9mtnm otid tiio p«rtlol« oleo hnvo been otiifltod* ftie 
neehmlMi of ton-oxoHeii^e lifto 1»««ii fotmd to h& tlie portfolo 
d(ffao<o& eoatrol for tbe oootfttiont gfvon* Tatormj^ttMijte«i 
boo tloon porforaoi to Aoetao tlio aoeliimfMi pfoetlooltr «6tIo 
tiio volt Imowi o^ootloii tiot tiooii ittod to ootaHlltflk tiio foohontfa. 
tnortir of •otfvattOB osa ootfvpy of ootlmittmi of oortota 
iwt«l tost hmm ftloo boon oolotiloioi* fliooo valooo K^wf • 
•liHlar fottom to tliooo olitalooi wltH otfeer Inorgoiilo 
oxoliongori otaatod for ttiio piiriiooo* 
To tlio f ifth obftj^ tor « opootroptiotoaotHo wmttsmA tfovolopoA 
for tiM «otor«faottoo o o i ^ r ( t T ) wltli ootflwi osl«o lioo %omi 
itterflici* An filtfiiot of mwi^ lt aoltttfoii eoiit«tiiliii 8 to t60 «g 
•f eoi^ iwr iaittii In 10 ml irolttwiti^ o tltfk Mlmm^ Iby 
li««t%twi 9f i ml of 5# w/ir oodlott osido oolotlOB. fl»e r«aot«o» 
rnixtnm ir«t ^akeii triill mB to tlito 3 ml of %offor oointfoii of 
i^futyoa «o<i fAdoA* ffie ooliittoii mw tli«ii dlltttod to 
to ml wftlijloiirtii«roIfsod netor* fito obsottiaiioo.wao eioooiirotf «t 
%iO fim ifoffiot tlie iVAgOBt %lmt0 fiie mlihrBtim grsf^ for 
ttio fifflotiiit of eopper 2»S60 jm b otrotgbt live pooofng ^rotigh 
tito oHifn me otiowod tbo opplfoa^nttr of Boer*s lei? In tbio 
ritago* fntorforonoo otodtos for tbto isettiod tiove aico lieoii 
fsatfo* 
^agdiult ^awal 
M . Sc., Ph. D. 
READER IN C H E M I S T R Y 
DEPARTMENT OF CHEMISTRY 
A L I G A R H M U S L I M UNIVERSITY 
A L I G A R H - 2 0 2 0 0 1 I N D I A . 
C B & f t r t c A f f i 
irait® to ©©rtify tfeat the itotk tti tlile 
iG oirtgtii«l sua sititeHie for «tilHBfesiOfi for 
mrerd of <ltgr«« in OheMeirr* 
f t vttli imnmw pleMfirt ttiat f plooe cm r«0od 
my profomie •«ii6e of fretttndia find grfitefalooie to Dr.^.r.Etmat 
whose gaiaettoe and preofoos »t^g6»tloiiG ¥ «tiJofe6 aurtag 
oonree of ^ e «ort rofKirttd lo ttiie tb^ste* 
f m ^tiDlEfal to I>r9f•WtSeliaasi^  meat Depertr^ ont of 
eiiei94@trF» Allgeffe Hnsltei tlHtvefettri for lite ooostunt 
m09wp&gemm% oiia {Nro^dtii^ noijetsary l&hQmtaffy fool It ties, 
f mt&M qjr tbesko to Iir«F«8*1^1iidt end 
W other mmtimti ooltoeg(t«6 for tue invaiiseble help ttiey fieve 
reoAered to m ^ H o g tb« i^reparettoii of tbte thmis* 
Wg' i^ ciiles em Sao to ttio eotiaofl of Seloiitiffo 
entf tudQStrlol Eoooarob (tn^ta) for ftiunuKal asetstAsee. 
•M^ A^-VVTI Mwtow IklXVL 
0ltimm m^tmt man) 
C O H f E M f S 
smt 
t* ttsf or mLTeAff0118 (tit) 
tf • wsf OF ratss ( i f ) 
ff?» wrst OF Ftotrrags (ini) 
tv , mumm • T 
tmrntmnon t 
fiSMSiBIICES 
mAvum - f 1 
sfHm^ts i i ^ tcm^sonAms FnoFooftee OF mfmtm 
TdtOSfdABSBSrAISi SBFmnOH C^  Fl>(ft) mm 
znCfT)^  !to(?t) im eti(fi). S^ 
BXPEBtlfnnPM* kk 
VBBtSmB ^ 
srscossroti 69 
67 
Tt» CHAPTER « f tf 
mmmsfBt KHSMRwaamm fitoF&mBS OF c m t m 
SKIfJtTte ^ TfS OSE AS A MEBCOCY SEUFCTTVi 
TOX-BXCn^ mOEB 69 
gmSTlllllfAL 70 
RBSVIilS 72 
BfTscnmsTow 90 
MIFSimciS 96 
< tf ) 
ftfrn eS^PfBS - TV 
MECBmER OF CAfTOH umumB OH BTJome 
J^WAWB 
SXPDHtHCRf^ I* pp 
mevme 101 
creccEBfoir 120 
l^ rrEflfltCES J55 
8l€CffDm>T{JH2tCTC lETEUKtmTtOII OP c d m a ( f i ) 
Wfn SdBtHM 15^ 
HOBiri^ 
msenssfcm 149 
( t t t ) 
t t S » O P F I I B l * t C A y f O I I 8 
^ t t i « t t « ead tOB^iotieiige pro|»ertt«» of itteaiiai 
t«iig«tOftrs«i!at«t SdpiofMttmi of t««td(fr> firov 
t8figDe»tiiBiCft)i •tneCffK aftnimiesoCff) and eom^wtft}* 
Amiall at Clil@toa» 6% 5^9 (1979) * 
S, ii»o£ies<ei8 of oatt«B CKobange on oteimto arotiiste* 
^,tiiorg*liiiel«Obeoi»t 909 (t980)* 
5» properttos pf ii«r4i» eaiimttQ 
fins tts nee oe o mwanwjt oeleeiivs tos«>eacolieii|;ev« 
ilaualt at (eoMtmtoatod)* 
Speotropliotoatetrto ^tef^tnatton of iio|>i»or(fff) wttti 
•odtiai esttfo* 
fadtfiti {Comsmimtma}^ 
L t 8 y OJP f 4 B I. IS s 
( tir } 
tmm » t 
^mm « 2 
tmm - 5 
TABIB ^ % 
filBt£ « 6 
fMIJB • 7 
tmm • 9 
ii8f OF mmm saw nm f9i9«.BX£!!i^Eos 
iffifu p^octa pi^ tBoffEB to 
e0H*3m0SB or fSEPiisAffOii mm mQmmwM 
m mtrntm msmtmasmAm 
fos-BUB/soo mpmn m tttrntm mmto^ 
i^CHA® ^ f t t ) FOB DllPrca^f OHT AS® 
wtvmm mmt toss 4? 
fOM-Bra/sHoe cApActw m a froeito^ or 
TOCi^TOsCTcm m mmtm^w^^mmwmB 
souninitfr op fcnsGs^ i^ysseuAfo tin 
mfmmm somiifs (ag/50 m 
Kjs tmms OH f f f m t i ! TcrsosTOAnsm f^B 
c«i 59 
89IIC BBprnmimB m ntmim wmswimmAfB 
eQurnm* m 
mmnms OP pmphmnm mm mommttB or 
m m m 71 
tOK-Ejam^^ JWr Oi^ PilCTW or CSEHTCM BBII^ITfE 
SAHpiiE CSS fOB mwwemn cHt mo mrfimm 
mtAh Y0I3S, 
^ ^ ) 
TABIiB « to 
fjmm 
fAsm 
fASUO 
It 
iS 
ij 
9Mm • ik 
TABtB m t4ft 
fABW ^ t«l» 
TABUB « 140 
TA»m • 19 
TABtM . 16 
TABtS • 17 
SOl^I itfT OF CBSfUM 8BIi:»T5f5 6Amm CSS 
tw BTff®aERf SOIMHW, 
0rsf«fB0ft<Rr eoimcTEMTs m emuM Bsx^Hfi^, 
SEpmffoiis ojj cvnmi sBmntE comms, 
iMKitt rwi tit 
73 
84 
65 
Hj iisu a^ VAiflEs won m> 
AT 8$*0 • 1*0 iiflSOTA^, 
isifEiininmoH fBSf pon BWsatnGB on 
BfAsmc AWBrnm tn tf POBM AT 25 • i*c. 
TTOBHrmoM APPttBD Amti 15 wtnmm m 
WWBMPffiM AFfCn 10 MTNOfOS OF 
tKfCRSUPWO^ APPWEO AfTOH 5 WfKSfES OF 
SUMCftHO* 
r 0t iTAines AS A FMffcm OF mm ron 
C A f t w m sTimre AmmAw AT 
85 • 1*0. 
r iMP Bt VAUMB AS A FUKCffOlf OF Tfm FOES 
0ffi«REirr OAnoHS ON smmrn AnsmAw 
AT 40 • 1*0. 
F Aim St TAII7E8 AS A FtHfOTTQSI OF fTUB FOB 
mwTBmm OATTOite OH s f / ^ c ASSINAI^  AT 
60 • I 'o . 
101 
104 
104 
10$ 
106 
109 
111 
115 
( • t ) 
tABtB » 
i^mm • m 
^imm • m 
Tmm « BB 
wm m U3 
filBlB * 
tmm ^ 
TABI£ 
fmm • 
8% 
85 
27 
r Bt wiues M A wmamon op Fmncw sta® 
mn Bxmmm m stiumc AmmAfB 
At 23 • 183 
mim CMP m (m^/mm) OF fAETOiB tms Af 
Gfm^if mtmmmmm m mMme 
BEW BfwmiBtm wEmt m 
Ai^Tfrnnm mn mtmpt &P AmtvAnm m 
mmfAw ^fiiL tmn m Bvmm Amtrnm^ ije 
cmpmwtm m mmmn 150 
or p® turarstw OF wm 157 
EfPECT OP mwttm MMW eOSKSMfBAflGIB ^^ fSB 
tmmsrn m mmm^ 
arosi* OF WSPBUAWBB OS fKfEUStff W COldCn, l%t 
mmm» tm 
mtJB sATto mmm^ 
mphfGAfB i^ mnriKAffoii or €te(tf). tk$ 
iMwssmuAft&m of cof*iiifi vs wsj^wteu OF Bd^ 
roBBtoH torn* i%s 
i i t s f OP f 1 Q V nns 
i ) 
ffG0BE » t 
FtGtn^ S 
f 
Ftotn® w % 
jptounB - 5 
wtrnm » 
WWWB -
FfCIIISl • 7 
FfOUBE • 8 
wtatm • 9 
FTGinHE to 
ISIS 
tm-miwrnm oApi^tfr AS A mmenm mp 
noiyiK GOReE^ fRATfOd OF n*my 
wumon emm vm mitt) mmsmMmmAfE* m 
wof OP TOH-Biea^B CAPAcm mAtmt 
mmmu or aEOESEHAitoN cscies. 58 
tm^Bxmmf. mprntTt m A rsHOfroif OF 
TiOTBAfUBE mm mmtm mmsTQAmmAW^ 55 
pB.fTi®AWQSf cimvEs mm mmn sai^ or 
fnmm mmmmtmm i^fmm)^ 57 
SnPAMffOS OF go<Tt)-Wl(ft) AS0 ]^(ff>.fti(tf) 
m n (TV) eouimi. 6i 
OF WB(fT) - » ( ff ) AHD Oii(ff ) . !%(rt ) 
OH <tir) tOHGSfOABiEHAH: OOIUiSSS, 69 
FI0T OF fa®»E3KEA!«JE CAPACTfY OF (^BTtW 
SEiniTfIB AGATHST HCMBEB OF l^lI^EBAffl^ 
CTCirJI. 7% 
VFRNANOIH E M M A OP MMTM SR.MSFM 
nmh 76 
pu nmmm cmm roa CEBtiw siuhitto tw 
m^^mm ITTTO Bot.itGei* 77 
t^'Msnmm CAPACTW OP vamoxb SBi^niTTf^s 
AS A Pinicvfflsi OP Dmnriro tEHfisttATtaiB. 79 
< ynti ) 
PTGtJFE 
FfOTOE 
FfGOSB 
jPTOCBE 
ft 
l i 
15 
moiwm m t%i) 
FTGOSB -
FTGSntI • tkQ 
PtGOT 15a 
FfGCEE • 
FTOUSE • t ^ 
tfl SPECItllM OP CEUTCM SriBUTTE rOf!l9)« 
fHEmooR^ or ^ m m BnmtffB {e^ wmwU 
MA ©UBTO OP OERTCII SBiaJTTO. 
SEPiiMffOH OP iwMs cd®* m mmm 
snimfE Goncm^ 
M A M M O N OP P B ^ M ^ * M M M M 
BEinJTTO COUDMK, 
si3p^i»toii OP m^* Pfe^ ^ oisn emtm 
SGHZ t^fC 
8EPIIIIAFTO!3 PBOH FB'^ OS CCFLTCH 
Btmmm ^omm, 
wnjBsmmin tsominip POO IJJCH^ SG® 
AF S5 • 1*C 0S3 BTRNME AI^ES^FE, 
I0!L-IXCHAHOR. TBOOTSM POB EXCIMSOE 
Af 1*3 • 1*C OS S^iilJHTC AtmmATB^ 
W E E M M OP M W F T M M T M M FHK RAFC OP 
Emnrnm m ausehai^ * 
TOD EFFECF OP m wnummm ON vm I IA« m 
m^^^n* KxmmB m &fAmw absi^ATE. 
PTGU^ • 16« FBR EPPECT OP AH FLTOBWJMOH OH THE MAW OP 
mcnmnE m Bnime AmvMAm* 
rtmm - I ? mm OP Bsmmmm: op mmsmm CATTOHS A? 
ON BTAfmrC ARSKFATF. 
FfGCFE • 18 nAm OF HBommE or mrmmm oattohs at 
80 
at 
m 
67 
88 
8 9 
103 
103 
105 
107 
108 
115 
^ c cm svmtfc AmmAfn^ m 
( ) 
nemB . 19 m m m H ^ H S B OF u T m E m cmmm At 
on Btmme AiasEKAi®. 
rtetr® ^ 20 W0fs f n © FOB m w r n t m eAtrmm 
WtmB m 2i 
FtOHHE • ^ 
FtOOEB - 23 
FtmmB • 
WfGiWB • 
FtQtmE 
FTGTTBE 
t6 
27 
PTOTTLFFLL • FIS 
/ 
PTGtJias29 
rtoniiE » 30 
rtmm • 3t 
OS AmmmB « i o* 
www OP si W . F T ® Am ZB^^ AF 
i i7 
tie 
BTFf^nEiif mmBrnmEB m Btmme MmmAm^ up 
wwm OF m m&wBf vrm mu c®®^  im A9 
im 
tut 
iSS 
mwnmmT wmmwmmB m sfmrrc Amsmw, 
Pl/m OP 8t fTHC FOB Mm Al^* Af 
m m m m wmcBAmms OJJ s f m m AmmAm^ 
piow OP Bt nm won Af mrnmt&r 
fmiMmB OP piiBfTCii; STHB m wm rmte OF 
EwonmiB m sfjmfc Amrmm at 2 5 1 2 5 
PIDTS OF liOG m Vf. t/f*S. 
SFECfRtlS OF ff^ COiimnEP COMFII^  OF OOFim 
ASSTBB* 
OTECf OF SOOtim iUSfSE COWCSfBATTC^ OB? WE 
ABSomsmcB OF YEULOW COIOTMNB comwx, 
ccmmmm vAutAffm pwt OF COFI^N Amm 
commx Af %io m* 
mm mffo PIOF FOE OOF^R AXIUE COIFI^ UBX 
Af %iO m. 
EAUBBAFTOII EIRAVE OF COPFBB(TT)« 
tio 
138 
140 
145 
1%7 
e B 4 F t D n mt 
twBmmBft^ 
enAPfBu^t 
tsffsoicoffOK 
Jlii«lytf«0l obtiilsftiy ittalt wttfe tt}« of eiettio^s 
f « r etieoleal fdentlfteftttim of tb® sobetenotta 
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form ^rsmetk Qoantttettw naetyeteo 6etierfill3r« the eepAimttoii 
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and for tdentfftoattOQO* Tkm olt i&e t^ree toolmt^s 
together foro the eotijeot of esial^eto* eb&siimt cmal^fe 
t « Iwsea ti|>on oi^tiisteol miS fsoaom cet&ode of miQlF^sia* f^o 
QOdem mthm of eaolrot® er© dtvtaod toto t»o tjrond groape vf®, 
tiistmoeotot ci«3 iioo«»to»trim«atol* fQ®trc®cotol tcctmlQnos fine 
ttiotr uppiloatlon in ^ttfto e fisiil^ or of totoreetttig mtk eerrloa out 
toa^» tile »oii«*to»tniaoiite]i tee^t^ooe too aro eQootly Ir^ortcnt 
to toelclliig vorlom pr^ltmo mA ore leso osipnaeti^ * fli^ 
iiiRiviiiotniaoiitoI tooliol90«» oro aovtloped mitaty for eobteiHiai 
•eparotiOBO* IHo vortona nettiodo tliot aro asiplosroe for ooparnttoB 
ora olirotiatotraptey« alaotro^oraata* t«B»aaeliRii|ia» aolvent 
astraatloBf ring ofaii tao^ntfoaa ana aioljrafa a to* tmimmmham^ 
ana olironatoftraphy ara isoat raraattla taofrnt^ iiaa In Hit ftoia of 
aaparattoB aoianea* 
llOv«.a*a«3ra« tba ton»aiEeitaaga baa OOIM to t>a r«o<^a|caa 
aa an axtrtinalsr valoelila taolmtfiia* All ortr ttia world nn^roiia 
|iliiiit« mT0 in optmifott for ditmlopiim tlie vepemtloiui ot 
tttorieatQf oi^aste ma tbto^eetoftt aitstQr««* teB*f«etifiiii« t » 
« ppseesft til i^tob All tnfioltjilile (or iesittMlble) {r^tcrtal^ ettim 
eomm in eonteet vitu an «leotrol7t# coliittoiii te!e«e opt 
•ti>l«tit0t!!0trt0ell3rt tons of positive or negetlvo i^argo end 
relonaoo otber loos of ttlce oDofge fros! tlio osolbcugor r^eso 
Info tbe ootiitton 
m * B V " j^ mmHA BB • A V 
«li«f« 3 sieB<l8 for o mit of lon^ -exo&migort BW m^ At ©re ttio 
oleotroljp'tes* ftt leborotorteo lOQ^oimtiaiiore aro need m co 
Important tool for tlie eolottoii of 00^ problcn® tbot cro belos 
feood by oor lodaotrteltets tm^ ^leetfete* fHo ^ s t toportcut 
appllootton of loti^x6tieos<» tbe ptirlfleoitoii of veter tti eo 
figo «li«n air 8ii<! troter t^oltotloa Is looaiog to m olot^lng 
A deoorlptloii of loD^onohimge proeeet em tie oltoa to 
tbo moot OBOleiit lltorotoro folloirliig e |»{»rf«ir«pti trrltton In ^ 
boly Bible* tloteo' vrote tftat tho M t t o r wator oen ^ d o 
tfrlitkolilo hy oolng f)l«ee« of «oo«« iirlototlo^ ototos tiiot toe 
votor loMO part* of o oelt content i^en f l l t « r « d throng eortain 
typo* of noil* Itm lon*«xelieng« propertloo of wood eelliilooo 
In tHe f i rst oaoe oni! that of atlloatoa In tba oee^nH eaa^ istgltt 
lia¥« Mrtotf to iwpmm tii« taata of vator* ror a loni; parloe no 
•fforts vera na^ la to « l ta tbe anotant rafaranaaa. 
0eiioa«ti<»i of toii«>«xobimge «ro» r«at9ooverid Issr 
ftmnot? and to t850 Bjr tbd ooae of bo0» in «oil@« 
•oft9 swiostias esifst mmmta t^ talteii op 
t)|r ^ m ^QBlvsleot emmt of oelctna te retmee&m 
It mw ^etiibStf^AS tiy Eteboto^ tlidt eeolitos mwe re&pmBihte 
for till 6 fit sotls» AlosltitaQ stlt^ate ifa© ftrttt 
^ tXams im^ I3ii©pl«r ® Mtm&it&im^  to ijsdbei^' ena 
Wlegner^  ^ oatertale retponsttite for tble ptienoiseiMm ^oro 
df eooimrtee lod to tbo aee of t l^ otsturcil catertolo for fiotor 
©oftfmtfig* 4t:tittlot)& eao t^<i3 ftifo teolitiKiQe to reoo^or gold 
froa 80© notor. Bot tils c^ttto© rswsolued cmffilftlZoa booooso 
t!i0 ©etorliil of avotlcfelo ot tliot ttro proved to bo 
tti@a«qii6to for tlio pirpose* Goc*^ reoogiiteea ^ o praottool 
ot l t l t r of toii»0!icfeoiige |)b{tfior::tiioii for w®t«r ©oftootfsg osliis 
ttotoral ftni tynthotfo eeolltes eea oieFO* Itie ei^ soastea t ^ 
of i&o io»«e»}li€i3ger vaa mBmemtm W poseitm ® eoneaatratod 
eolotton of •oatttfi or potmiotois Booeoso of plaiisllitlttr 
of rogmor^ttWAi ttieio «eolttoe aiid ot^yo eoold bo tiood ovor tma 
agetn* t.twtt«ttoiio of teolltoo ooa vom soim 
t.o* seolitos mm aeooispoood W ootds «li«rea» eluyo aro aifffoolt 
to tiimaia* *r9 ovoroOiie ttaftettoiio a ooorDh for otatile 
tOD^oxebmgo (setorlfil woo otartod. In t93t Kullgren*® fiAkservoa 
tliot oitliilifto eollulooo votHo as on toivesu l^ianger for tho 
dotoratnattoa of ooppor* Mm tntttreottog Alooovorsr beg^a to 1935 
irben MMm tm Holrmm found tbot orooDoa plioBograpti roeorao exiitbft 
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tofto^^tifiEiii* fli» rtsarlCA^le eff*ot til* fRTtntor* 
to tli« ot ot^Qnle uttteb bud ntteli 
^tt«r i»ii>|)«rtl«0 thm my ot the ^mAmttt^^* Vin'totts 
tsea© to t!i««« ff««lt}t» eatoly Ckft«r woria var tT 
^ empmtm in m6 Eagl«tid» retitf}* itro tte^le 
totr£»ft8 m/i^B md eosy t& Btrmtore em mries &» 
tbeitetofmf ttie atfft»Itt«e itltli ts@9llt«s @tia 
m m vmov^ W totro^tiottim of tlieii 
tUem ot^cato ^ m fedtti ta l»fe«ir«tofsr 
mMi m loSQstrtol ©eale for ee|ififriitto»v« rvoov^rio® of ^taHs^ 
ptirfffeailoB of mt&Vf e&m&tx^mttm of eleetrotytmf reaett(m» 
of pf«otp«tet@@ sod ©lootaatlog tfe© Q o^&aals© of mmw waetfott**®, 
^ • t m ttie «pplft«ftttoii8 of sentttee Hatted 
m Btm thmm wtti) orgaale re$ft!9 aa<ler eewtHm 
ooiuSlttoii», Tike r#»f&e are oestdblo to imiseotis sj^ ntef^ e at lifgb 
t^s|i«r»tor«» te of toststsii redlatfotio* l^r tbme 
roetoiui ttiaro hm h9m « rosttrgoeee of tntorott ta taofii^ate 
tOB-oxfliimiioro ta roofmt «• th&f oro mmffeetod tost«tiig 
radtattont ana ara t«s» aenatttw to highmr tain^rattiraa, flta 
atmetiira of ttiaaa laomiiato ton*oiieliit»£*ra ta sttff tliarafore» 
tbar ara »ora aalaotlva and aottalila for iiia aai»aratton of toaa 
on tlia %aata of thatr atffaraat fiore atsaa, fliay oea elao %a 
«aaa ea toate or mlmulmr alairaa* Batag ataxia towattfta toatataf 
raatattatiat ^ a r em aaad aivaatagaooaly ta raaotor taohaologr* 
taorSMite toa^a i^oliaaia muSbrmmB hava alao raoaatljr ^eaa aaatf 
prafaraiklr oirar ofiaato oaae tiaoaaaa of ttia abtlttjr of taoisaalo 
o 
wmhwmm to iHtlistiiiid Jitgher ssa thetr tUgb 
for mrtttio tm»0 
«et©ottvttr of teofg^^to loo-^ sotsciigcr® ti@8 hem 
otlilsed for tise pirepoffitfoa of Ion eelcctlve fhe 
too eoleetiv© @loetfoa«e» time um oo::^  to fe© m m 
tcportcBt tool for ©ol^luo ^erloo© craolytloal prouloc®*^**^* 
to o r ^ r to «iQa«r®tcoa ^ opplieotton® cm to'isprov© 
t^on tfee®, ®3rst«3^ ett© ©no fonaasuiitol ©tttaio® ©ttj lioteg 
OQ tl3«8o mttrloie* ne® tatei^et to imt^mie loB-osolieagor© 
oay IMS a to tsoeto fla tt m&m iby t&©t oolccae 
ooQteffiIss ftooll^ ®<f«<Hilce5 f^ofpiiot© sopportodf oa stifoo 
tm% ooota fee osoa to eopurat© tar^ ntoa fmd plutmifti!! fros ff©®fo8 
pro^oote IbF tn toB«>i»oibGiigo f» aildlttoQ to etreoi3tii!& 
l^osi^et© mmy ot^er ©tailor sobetemsee he fey 
eo^totiig o«t l^e0 of @fOii|> fV wttti tKiro ©otaie osl^ee of groof)® V 
em Vt of tli« portodto te^lo. 
flio r^artoiis tiiof««tito toii-«ieheG£4ir» reported itpto 1963 
htm hem adalralily revtowed t » o^ii<^ roiptk of Aoplilott^® whteli 
iui« beooiit m otusefo i » tlilt field* ffiio eto'itee on tfeeee 
nstertele ff«B b m 6ii«Mrteed h^ Merek cad 
Veeely*^*^ wider tlie follovlttg iieedet 
Bjparoiie oirlde* 
Aotdte eelte of miltlveleiit «etete« 
8elte of betero^lf iMilde» 
G 
Tii60l0t)le ferroeyimtaes* 
8smtrt«tte eltusiiiostllecte®, m& 
6* Certoto otber @at)6tcxio«8 lesmttietio opetftesi etilf^l^e 
ana mr^ otilpliQte»« 
nariosl^ lioe sonarts^d ttie ttieotfetleol espeote of eisobct^o 
to tuorgcDlo loQ-essetiCQg® Hi© sjmthests md 
opE>ltooti<»i8 of tiiOf®<3fita fenw t»oes 
raltOQ^^* Iteecmt review m fbt appltoettoa® 0t ' imih'emhmm 
hmve bocm fey ^rleeliy^® ®fi6 uolioa^* ftt© ircaa® 
In til© f t Ola of ton^ei^Iioi^e beire l)eon eor^sorlis^ in ttie ^ooroul 
of C^^^) oontalee tlio poper@ 
ptmmt&6 ot ^ i r d sspcpoeifso m tofKesQtioi^o lioia at 
Balatonffired (HosisGry) m W&ff C M t f fH© i>t«e«atea 
mwe attriaed into four Bmtimmt ( t ) ooteirtatey 
( t f ) tlieoiy of t<m-«iie!icijigo, ( t t i ) mselyttool oppltostlooe, 
file ^eorr of too-earotiQiigo tbe q«i« of loB-^sohengoro 
to leboratorlei end feotortoe ts e ftoortctiins dtoelplliio* 
epplleattoiio of toii*«xetie'iig«r& to tbe laboriitort«s li«vo f ^ o 
{)0»*tM0| th« ohroeAtograplite 8i»|ier«ttoo of imwy oo@pIte«t«d 
Qfxtorto* fhe seKottve ase of toorgaoto tos^xoii&oiors my 
proviso @ aeefai litens to ooooimtret* ood ostroot ttio ti»tt 
tisportfint mtmltt tvom lel»oratort«« «a*te» mS loeel oonocotrotoa 
0fi«iple8, f1i« eppltoffittons of toii*«xeltei^o to eost t«i|iort@iii 
prooeseeff thet oeotir et higb ioc^rotnrto or ta tlio itrotoiioo of 
hx 
/ 
imi9iQS radtatton or titgbly ostdfAttig »«<I1a »te mtfynrmly Iftilt4^ 
on emmreially eiraftotilt loii*«xettaQg# roalna* BatrtTOrt tli« tt«« 
of tyntiiotie Inoii^aiklo toiwesohai^ero em be imdor tbooo 
oondtttoao, 
file elreoatti!^ phowphoto ta profkoblsr the ftrat and ^ e 
mBt studied of oil toorgefilo too-esotiCQgara* Crratsllteatioit 
of «aco of tlsea hove it^ptwrnQ tbo ebemlool atabflftr anS 
reproasottillttF lo tai!i«>«xoticnga ttehBvimr* Ttie ajmiiiaafa iif 
1161^  Eiaterfole tiave bean reported W nns^roaa etitliorB eafintiii 
aifferoat typm of i5co«pliooet poorly otyetellttie eii6 aire t ^ l l tea 
nateiietla* ton^esotji^ora are m fottotiat 
l^trcoiitomffvyg fj^iospliata^*^^* f^rroj^osf^et©^**^', 
Jiypopboapfaota^^^t polyjrfjospliate^^^*, araoaota^®*^, 
mtimmBU^'^^t nolytjaato^^ ttmgatate^^^^^, tat lorata^ ' '^ , 
stltoeta^*^'^, aalaotta^, farrooyal^®^''®, 
wnadata^^, 
^ortwi(TV)t ftooapliiita^*^*, araimata^*®®, aotlwraata®^, 
iiolyli«ata^» tungatata®'*® ,^ ojelda®'"®®. 
ntmtmilwU araanata^^®', 
tallorata'*^ alltoata*^'^, 
fanooyotda^*^, 
CartwgCTf)t araaaata*'®»*"t anttiBOttata*'*, 
8 
tttt(tv)t 
mt^mu^^^ 
aiyo!gtcm(TTf ) i pfeosp&ot®*®^*^, 
hj'ordstao*^. 
froaffyflt f^osptjal®*^®**'^, psfrot^os^ots*®®* owiisiKite*® ,^ 
•otlTOiiatfli*® ,^ •tltoote*®^, tewtmfmU^^^^ 
• 
AlnintnlUia(TIY)t triphosphate^'^®, antimonate^®'''^ ®®, 
100 vanadate ^ . 
Tantaliiii(v)t phoephate^^^, arsenate^antlmonate^^^, seleuite^^^, 
pentaoxlde^^5,196^ 
KioMumCv); phosphate^^^* arsenate^antlmonate^®®'^®^, 
selenlte^®^, p e n t a o x l d e ^ ® ' * v a n a d a t e ^ ® ^ ^ 
Biemuth(ttt)t nitrate^^^, tungstate^^ tellurate^®®, stltcate^®^. 
Lead(lT)t phosphate^^', tungstate^^®, ferrocynlde^^^. 
Lanthanum tellurate^^^, lanthanum oxalate^^', cohalt ferrocynide^^^, 
217 21*7 218—220 oohalt antlmonate % nickel antlmonate nickel ferrocynlde , 
221 222 22^  tungsten ferrocynlde , molybdate ferrocynlde ' antimonic 
224-228 220 OXt\ acid , uranyl hydrogen phosphate vanadium ferrocynide^ » 
stannous ferrocjoilde^'^, zinc sillcate^'^, zinc phosphate^". 
n 
lino eopptr pliosftfiet^®^ ,^ eopi>«r 
f^nroemtd®®^^*^®, tiofnttia frtioipbiit®^^, gersaolTOjCtl^) 
fB eadittoa to cat«ri@ie tsmtimea m for o ntsshev 
0f other type of esoriei3g«re bave been tu partietiter 
salts Of {Kstero^Is^tSfif <lotibl® eolts, eleotroo esetsfmser* 
<^tie8gers ana obclete too-osetioagem feevc fomia 
tit|*tie»t interest of oil tooft oatcrlola* l5ot!t»l© e®lt t j ^ 
tnofgento lon^exeticogore m m tmm^ to t>e ooro 0tc!»lo bo^ 
oti@i!!toolly citii t&ofwlli? t&on Bftisle eeilt tjrpe* iSffQcmtoo 
I^iosi^ostlloet©®^^^^ to tbe f i rst of tfeto MnQ caa wee oeoa 
for i»lotoQtas} teolottoo* toswexolit!iiior6 of tbt© type wttte 
^ e t r toQ^oxotioiige properttoe aro ttetoa fii f^ftlo I* 
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For 8 oot!|»l«te de«eriptloti of o eatertel es on loii* 
exehenger ttie follcnrttig; properties miet tie studledt 
t« fhe too*e3roI)6tig6 eupeoltyt 
Qm tfee reeffitonoe tmar6» mi0 end beeee* 
% €mpo6iU<m0 
£>oteotlO!!{etrle etudlesp 
5* Metrltmttoii of ooaoter loue botweoti soluttoo ana ©jiohosager 
7# i;ti}etfo@« me 
Bt i S i i c l y t t o o l o p i ^ l l o s t t o a ® . 
tosi-osofecmsQ cinpcjottsr 1© omj of ftse t3oet i^ iMtesootol 
gucBtltloo for o h e r e G t o r t e e t t O Q of my loa -osobctss© D o t o r l o l . 
Tor 0 ctroun ttie oopccfty era r©cail$' U© C&tomimS 
hy Mr&st tttrattoQ» ipiartoo© tjrpoo of ecpnssltles om fee esfprueeea 
io atffereot mnncrB* loii»«M!3ctif,e ©cpaclty for 
0 strong iQn»m3P0bm$ger em !>© Sotoftnioea hy ^ireot tltrotloo of 
etrcmg cotlon ©imfefmrer (In torn) ® ©trouf tiee©, f?e^ortty 
of tf!© syothetlo tnori#ifi<e ton-eioticagtr» bobave as ® mak 4on-
ejtohrnter th«r«fore, the direct titraftoo le not r«lt©t»te« 
fn this ocae ton^ ejeofeangn eepeolty Is Aetertifnea tiy repiaoteiesit 
of bydrmfm looii fro® tli® «*olii!iig«r phasa by tti© ©otrntar ioae of 
® neotrrl ai^lt ffotytloo ana tftea <!6ter@{ltitii|', tb© egoililtrfiiiii 
fon^ estobaaga oapaotty Ity pTl*tltrattOBa* MBxImm iot^ >exo!i«!iiKe 
o^pnelty, anoal ta ttie timliar of tonogaalo irottpa per apaofftad 
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awofnit of « » y dlr«otly toe aetenitned hy ©fwpl© 
«O1Q» o|>«riittoii passtni; the eleoirolFtto eolutton ov^r tfie 
li»i««aEet»ftttge i^teirlol (tn fot®) «fie titrating tiie Ilt^crstea 
oet<3 to the effloent hy e etaedai^ a bciee eoltitiois* 
file f08«>esE0tiaQsc OTterfol mst ho etoflfed for obec:lorl 
©tabl l l ^ 16 catdto ofid I>c0to ras^lo to olieo!i Ito llottottOES. 
fil tltrGtloi}# ©re belpfal In tlDdfo^ «tj©ttj©r ttJo 
emhmg^r f « mm&tmetim&l or potytmettmQt* Mt»®rtt feaa 
stttSlea tltratlOQ ©iir^ ®® In aetotl m Blroontiis pljoephoto 
ol&allfie oertu c^otol C© obserwa tfiot tftcs© 
oanree ere stroog^ly offeoted W bjf^rolyete of mmhcnc^er cud 
preoipltettou of tnsoloibl® tj^ oeptnGtee. no fotmd ttiot Co*" 
f>reetp1tet«0 on tti® ®t 70f) osi^ooge, Br®* ot 8tSf> 
•setooBg® una Ba®^ ©t 100^ - ©scoIietiEo* Ho ©scticng® w e fotmd tifftb 
probably b«e0ti«a the hy^ratad ton of te very large 
ec{3 I t eaoiiot p«aitttrat« to th« eavtty of Itie ea^tionger. He also 
s t o a t t b a fofifarA ®o« r«vers« Ka*-^ '*' tOQ»«soheoge ttothew!®^^ 
ftod fomill l^at tsohanga to ao afiiroos fiolotloo te a t«o 
•tap firooasa wttli partial phaaa aolublttty* Albertt also atndtad 
ttia too««xob(«oga oo eryatallloc elroooton) f^oaphota prepared 
attbar by tb« rafloxtoir proof^dora or by diraot praol pi tattoo 
prooa<liir»®^» f t mm obeanraA that two watarlrsle f^ltbooiJi 
aacblbtttni^ oliitlar x-ray powder patteroa» posae^e dtffareot 
too«.axQhenga babavtoor* 
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ftie dlt«tnbtitloE} oooffteftnt le of voluo m © pmottool 
gotde to til© sepoi^tfoo procedore® to chroaotogyaphy, Tis^  
Stetribuitoii eoeffieteist for toe A* i& gtwa hy 
ffa • itootiat of cflttoo (A"*) i>resqet In e3sotionei>r pboe© 
^isirat of oottoii (A*) present la malntim f^m^ sS"^ 
ftie gmerat ose of stetrfHtitfoi} eoefffefof3t ie cDdo to 
olt3ttoo toolHit<}owe tQ 8oparotlaii0# Hio rate oi vibieh tone 
sew© IQ io»»«xel}a3@o o&roaotogrcf^y te pr0|K>rtf0i30l to thoir 
atstiibattoo ooofftotcnt. 
Oi&trtl»Qtf08 of C5ti loB feottfooti ttis oseftOttooJ? eaa 
eolottoQ pSioeoo te o ojosorocoot of ©©locttvtfc$ «^ OStm^ tho 
ton-0sohOQger testes op oortolti tooe to proforcaocs to tbo otiior 
proeont oo«mtor toae* ^ i a ©elootlvtt^ trey i^cspcofl, cololy opoot 
(t) Bones* potc!)tloI» ( I t ) 6tot?o oottoo* ooa ( t t l ) ©ossplcs 
fofoattooft ®©leettvtty t® eti Icisortoot f^stor to steely tli© 
s€>pQr6ttoQ»« Oo the l5o@t© of (StetrtlsottoQ eoefftefcnto tt te 
poestbie to pi^dtot the sepcrattoa of om too froa ottier* 
Hie tnorgcnte tofi<«»e«eIiaiigere lnov© foai6 oticeroaB tnportr-ct 
imelf'tteGl oppltocttone ee octegorl^ed lielQift 
( t> l^ortftoettOD of eo!bet£5nce» oo o lenge eeale^ 
( I t ) l?6p«rettoo of on© ton froa ttie ott!©r on © ton-
escehei^ e oolosfot 
( t t t ) Ton»©«t!ienf?e peper ofironetogropbte fi©por©ttOB»t 
( tir) ri«otropt!or©»t», 
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( ir) Ton»csc!joo??er for gee ohromotogrsptiy, 
( vt ) Soli a stct© ecperatioa»# 
(v t l ) Bi>eoif^ o cp3t teste* 
(v l t l ) Ps© of ton-exetjnager tjcefls to looote ttio eiaa poiet to 
tftrotioB, aod 
C is) Cbg ot: loo coloottvo c260tri3dee« 
ruHffotstlotj oo o lofge eoolo oco IKS OOC!© HY the 
€3DC!plo eolotfoa ttiroocb ttio tois-osc&oocor ho&B whicts tofeo ep 
certeto cateplnlo in preeeooo of otinjf«« flio eso!)r,z»«er tje^ ! ©fo 
bo refionorotcd toto eottoljSo fom by oonvcntiouQl taot^ od© , 
teoIinlQCo oco oleo t)o ofcHleed to rcsoovor trcoco of olctecots 
fposs thm Ct^ Gto oolQttoo@« fho olocscoto procGot tts toi3to fo«r 
oro ©soticEjgca oqiatvcfesit ccottnt of tlio ootantor too pre&etat to 
the osotii'iifjor* tlio 0ler!0Qt© oeo lie elated froa tbo ©setionger 
by eottotjlo ©leotrolytto roegcnt. foo-eaoSiongc ^ttti msrw f « « 
escepttoa®, t® Q reverstbSo process* Tho mtol l le tos® are 
mtoiehi&mtwimlly i^tth hydr^ea ton ta ejKtfiei^er ptm®© 
Bne. tb9 mtal tuns OBn tie mterrn^mQ todtreotly hf t&e epj^lfeattmi 
of ^sottani© reeottofiti 
nm* • m^ • tm^ 
P mptemnte i ^ stmottiral imtt of too ©jf«tiitB«©r tart 
fl* mM ^ ^ «r© tim eettoim talttng psrt tn tit® toii-«iotiffii|5e» 
sliitliir oan hf^ mopted for the refslBe^ii^nt of mtont liy 
hyamnyt toop «ttototitoiiietrto«lly« 
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fOB^xetieiige bos rcBolved ttie eost dffflealt proTiles^s tn 
ebcffiieol oiwls^els (*e« Mt^erettoii of t ^ l c o l ooeponente hf^ vioi* 
8t0!flQr 0noQCI» projwrties* So lawn ohroctatogrnptjy 1e 
etnce tlte edbsteijoee s«|)6rat0(! ore oollecstiN! Qftefitftettirel|r. 
Sine© ti3© Qiyetalllne too-esoJjonger© bovo oovftle® of 
©lise» ihef cleo im ©tow pr^ ijortl©®* Tti© 
ommtov ton© tjcvtus iorger rccii tboo tlie IJOIOB IB tfe© mvity 
OBmot pGoetwit© end tbewefor&f tbey om b© ©oporoted fro^ tisos© 
roller ioa© wbtob ocu coetlsr e®tor Into the QQvity» ffi©®© 
8«pQirot«©n© tfor© first co&lawd CloorffoW m eiromtmj 
l^ocpiiot© etid ero «a:n3ar4coi3 t}o%m$ 
Eiv&ontm phoepbot© coa ccb$raroao cofeol eolt ^oro tieotca 
fO a l>lGtlQt2!!5 <3IcJ3# ftl© OSOSJCQJI© rOCCtlOO tClllDS p^ COO iO 
repftjscatea bi? tt:© fotlo^lon cQootlom 
• 8/3C fCljj ^ Er(n)g j^j * ^ ^ ^ 
IIII9II Kfno cItloHQ© or bafiiicni <]&lort(!@ ^ r © esnfaaageil e ne^ |}{i©8© 
Iran oUtotneiS utitob perafstffd to aliotit Q/3 9t total otifseity of 
tb© ©xetiRnger. ft»e«e rf^ oae® of vmtt.l ©oatetit fonatag tb© 
©am© stffiiotQr© tndteate that tolld ©oltstfcm© of eatfons wfttitn 
th© oryatal Inttto© are fomtog* 1%© fact that a mrtety of 
eattoB tjrp© rtv© pheses (elsiost ia©£ittc«l fntarplaser 
epaotug but dtff©r©nt intenatttea) todtoet© ttif»t th© ©ryatal 
lattio© reitataa rf?»ta wttb tte© eettone oooitpylog afntler e^ehntif© 
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ftilo te tmlt&e tti© ^hmtmr of BlfcoQlo';! i^ o&chet© 
fj^ tioiS'^ tB^ tons IQ ol^trolyte eolation wtiere tlie lettloe 
cspco f^o tJT tt30 oovcaieist of the ©(^ -aSitsoQliip; ptiosptiet® loyer® 
to Qocosooflnt© tjydrete l^ oQtfoos* •Itie elntKm of cations wttti 
dflato sofCJ 6olQttoQ0 pfove6 tTio pticnopiCKHoo ©s toa-esotionj;©, 
o0ttoQ8 ooold Glm Ijo renowa by eoatcofctas tUo ©sofcrtjj^ e 
J^ OGOG tsith 0CSOOI1O tiydrosco Ot3lOrtC€5» 
Bom fon^ OKoliCBT'o ecporottouo troro QSGO A 
Golotloo ©OOtOtQtDr OQt30l pi'.VtB Of Itt^lcn ©hlerS(20 Gtia OOfJiQS) 
o!:^ lorteo '^c ovoporotoa to Orjmoe© ciiii t^o Cry mlt ctstaro 
CfotmiS tosottier ^-.aSstsootori <tei Ijootlon ttoo 
Of^ tOf© Ot tcs**© Ilt!5lt3D OSOtlCI^ OO lOCVMn OOOftJD tSCOrtlCO t&O 
0oi?ttfoc oro loFGo oooartfi to porsstt o cctt<K3 of cboat S ^ t^^  
TbQO C©'* f^ otil<3 bo Gsolodo^ c© t?£?© o^Gervcfl ospoFl.eGQtctty» 
wry fou refereaooe ere niTfstlctilo m toa-csotwn^© 
to r^Stfjo 0olt# Alfecrtt mQ Altnli^^ trcetea loa*^e!iri3fe <m 
eiwrpboos eiitJooitta f^ejjIiQto tn ©oiteo fsltratee* fomid t!i®t 
SItliltr? fon I® greatly preterm^ over potessiarD lose the 
Albert! nl®o etoOt© !^ the ©pcolflo ooniJiiotsiic© of e5?!orp!iou» 
Etreonlow ph;is|ihate in iA*$ rt* aaa Ce^  fora® ov©r tb© rooge 
coiiv©r«tcm«^. ^ e epeolffe coa^aoteoeo of hi* aii6 Ce* 
tovrm ^m fouofi to dNwreese wttto {^rocut oonveretoii wtitl© tbat of 
tbe Sa* k"^ for?® ftr«t immtanm oaA tlic?ii 
oofiverfiioii proeer^K* A teatntlvfi vm propositi to e3ic|}letti 
1 8 
ttie oibsnrvefl ptteooneaoii* 
is Q pm^rtnl tool for ioiffeottgcttnc^ tho 
ooaOiMone ot oQuSHbrltsa* Oo^cwr^ ft to' totorcotc<l mty in 
tijo toftfol £aa ttmt ©tote© off o eystea aaO I t doeo not ocmetCor 
©boat coeticoUsa of tho off oao ctoto to tbij o^or cod 
tSio tlrm f^Qofi^ tti©f^on» Ktnotle© tcSee tboeo fcotor® loto 
flio lilooitoo Qt otcple Iio!3O3C0coQ© olJCf3!eal yeaettoo© 
te tlso roto of tfeo i?ee©tloQ fioponOlcs tij^ s^ tho 
conocBtstitlooo of tha toco tctato 
Sii ^ pO .in..r.i„i> ProGtsot 
n m lAf.]pj 
i^beitj fe t® tSio ret© ccmstcott L-^l ca^ Lol cro f&o oouociitrotton 
of ft^astton efjcotoB eaa s effl3 y oro os^or© of the r^eotloti t?ttl5 
respcot to A and D r©cpeetlwiy« 
tn so^^tiat <3tffci^t tro-D eacte 
©ticnlorl reacttooe* Tb t&c fftrst ocee loa-esc^c-oso fovolwo t2:i© 
trrneport of tone ffra-n eolotloa luto csctsci^er pteso m6 vlee-v@rse» 
fotvcsschra^er© eonstlttst® e ^tfffercot |^ C6C tlico tlte soluttot) 
t5tJ0G0 bonce tiJo nrocee© fo EietGroseoeoiis* 8eotmt!ls?i t » 
lon-essctjeoge prooceo eolons tiev© no |)®rt to ploy to t!i© overall 
resiettcm eeoh^oiifBt only t!i© coaster iose ere rcsponetT*!© for 
ttste process* ITl^otrotietitrcltty in ©ocli i^ a®© ®t Bit timB 
i n 
t« t» he P!alfJt®fti€d» ftio0 t!i© tiitritfer of otjow© eerrtcfl ^ 
ttjc coonter Ion® of on© type futo tlio esial^ cmcsr ptics© ©net b© 
ogael to tts& Qirs^s* of etsoftie© ocrricd tiy tfe© ot!:or typo of 
ooraator lomo teoi^fns tbo cisobcBSo** toto ttJO coltsttoo 
Qt ttio mtm tfc:©# ©ste coonltfss of Horn of ttjo cist-ortog ooa 
loovino la®© ©tapllftoe tho trootisoot of tois^soEic^ SO felBotlee* 
OltKJO®© ttJOO ocn tio 0000160^06 08 CBfiO «p-
of ioltmimg Gtopet 
f » Mgrottoa of ooaotor ton fwoa too -^esofsoooos' pof?tfoSo toto 
©50 t l lo to ttjo port4clo» 
Wsmtim of oooator tos -fi ^ tos ^ o loto ttso eoSatioa. 
Mci^Moa of oosnter loo B frco ttio coitafctca Into tlio f t l o . 
4* Mtsipottoo of ootmtor ion 13 fr®3 ttxj ftSD toto Uio pcrtiolc* 
Bimo tbo ret© to dotorainoa tjy tljo olotjoet 0t0T>^  f t to 
important to oooclCer oil t!Jeeo 
flireo ^fot^tiot of fstootlc proooeseo acy fee 
to oo ioQ-ese!JCi3go proooESt 
( i ) tatew^MftmioG of ooimtor tone in t^e a^oroot f tt% the 
tfim mtfoBian ooatFol. 
iD} Inter^^lfffowtOB of ooonter loos la the too Itsolf, 
tfe® partiel© Oiffostoo eontrot* 
(3) Cliepionl embmy^ e sresottoo !>«tire€o ttte tm typsa of eoiaster 
tons* 
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ft i t 00 tfsportniit potnt to note ttiot of c l l tbe 
Isttietlci^  vhich bev© epD©or«a to ttio Itteratore to»ant© mm fceve 
to lie ooQtrolled hy the obentcol ©Mtiongo reeotton* 
Bomver^ tt 18 not 6i]ft>rf stof! etFoi^ oold end Btrotm base 
©sctieoger er© oe0<3 ^ler© the eonsnon Qotmter too Oo not foro t!so 
ofecofool bono ^ttl) tti© fflsed lonogetilo c^^Gp ^ot Is eo^^^ot 
irccioffeotil© ttiere la e oonples forssottoo* Vmn to fiuclj QQECS 
tbo ^tnettoollF stop vcb tom6 to l»o porttolo dtffoslcni ea^ 
not ebeatool ro^ttos* Wnrfhew o^im tt»o rate flotopotnfi^ 
stop Qleo depen^ lB tipon esportmeotol conatttons* Soso tboorotlool 
ooj3 prcotfocJ opproootJCB orn b© cppllofl to (JoofCo ttoo cootJOQlco 
of toi>»c®obcti2o roto# 
KfootioO gqO roofS^^ ^ &0V© tscflo iKio ftr©t oortoii© ottoc^^t 
00 t!s© kitsotio ©tQfileo of loD-oscboas©. Tbejr ham ctcdtoa the 
remjtloa rot® fjfftfe i^ tifcb loo® troo solotfon© ©yo rcco^eC tsy tl2© 
solid ton«^ exoli€n]@«r or oomrereoly t!ic r®te wf tti wtsiofi the 
esofjemco'&lo loo® or© r«l©Q®©a twam the cmhmg^r^ Bojrd ct 
liirr© l©t®r on etoaicd Istnetto© of mtcil lone apoo tbc 
©Qd fierr© giwm b ©leer imder©t©»dttig ©iioiit tli© parttol© ©ail film 
dtffoftton f»!ie«OB?@n© wbleli gov©tn tb© lon»©2solJi*ii®«» mtohmhitrg^^*^ 
eontirm& ttint ®t high oonot^ ntratloo© «ie rat© le it^eprnmnt 
of fnifotng too (partlel© ^ItfftiAtoa}^ nl^tle ©t lo^ ©onoentratton 
til© rever«© 1© tro© (fll® <ltffo«ton)« «ta^t©a tfi© 
It1a©tl©fi of ©setoeag© on ©rsratc l^ltfi© etreonltni pfeosf^et©« 
9ti« mt© of ©xehi^ ng© t© tnfttellr f^ ^ t^ ana tli©o tioeom©© ©low^  
fitiii««tlnf, ® ofiPttf,© in ery®trl etmettire. fog© BnA 
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etadtea the istoetto© of 1)«t««eti clrirli fietalt 
efremlon enttis^ete to form at SS^C* ftiey fotn»l ^ n t 
til© rate of ^ w&emttm imm^mB «ttb tti© etosste mmtMif' of 
tb© oattmi* Alt>®rtl ©t tiev® ol»«©rwa tliet th© r » t « of 
eHofemse dcoreesoc fvm to Sr^* aed that i t te parttoolerlr 
lorn for too, SIBOC tli® of bs^otton of given im 
aeoreaeee t^ltti i t » offyetaXliiie rcataef t t to liUely t&®t tB© 
lofc-er mehmsfi roto of IB rolote© to Its relctliwsly lutger 
tiFarsttOD fiierefore, t t t® aiffteiilt for tfe© letgo 
tsydrotea to Mffdso to tlje rottoalor Qtrtmtinm of elrooaloia 
i?lj0Q|)l50ti0 phmm liovlttg So® tiaterlOFor dlBtenoe©* 
nooently c^stoiattoo ot Ql.®^^ hma ©toatcQ tb© eolf 
dlffQstoo Of fiaO K* too© OB Diert^iyetalc of 
m6 fsodtftofl tijo Ptot*© e<|tiGtto» to tclte into 
e^oant tli© ficm«»«utfomolfty of tbc parttolo etet» ftJ© e<|o&ttoa 
oMoleea ti©v@ erploy©a to e etaay of self atffostoD rot# of 
cfsa t<m® ta tlie obovo ©sobenger* 
Speotroi^oto@etr$f tB m tts^ortaot ieo^lQtie for ttie 
a^terstnettoii of RtHbtteiioeo et tow of eoiie(*iitr8ttoii or 
for trroe Sj>eotroptiotoaotry appltea ta vls<1»le r«ftoii» 
aosr^lf Imoifii at oolortisotrsft to pr«f«rr«a lioeattso of t t » 
gfronlioity md sottabtlftr* Itoeo e eoloor t» ol>»@rvoa l>y ® 
fierttetilnr r#oet«oB» oolorlf^trlo proeertor** or© to 
aetorstne the eoiie«iitr@ttoii of OD« of tlt@ reaottoic soibct^ tioeft, 
U>»t few a«0iiao« k»vo toti} en ejit»o«fv# a0ve»So|»B08t in tbt» ff»ia« 
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Mtbooiils 6olor l » t r io eetboCfe Rns m^tig the «^ f>r1ttost 
tostrot^otRl teo!itif<3tie©» m m toder ere Gm&ider&Q td he 
mti of tlie top retiMof, «Jtlio<le &eoc«ce of ttsotr tmmtl atflitj?, 
ffeee© Esotfeoa® Of® Ijesefi fnadoefotolly on ttjo Hgbt Gbeorpttvc 
eopGolty of tli© oolmti^d ostorfol© In tljo eolotlos fostj. ffe© 
&imli»pi3ent of oolcwir lo ocrtcio ofeentoel yoaattisae^ 
the te»o ooiofiCTt*^ tsoe feeeiQ iti caS 
O&CSStOtiyt a l^pototsfe It to aotOTOtOO oosoor CO 
G ooloor cotob for tlie scsple te torn o^ oQiitvoloot otiEtslI* 
f o a obetrtet It CKJCSG to <let©ot oca dotorattio ^ o eoloor forotcs 
©olicftmKS©©. ^WJOWft iota i7«olt>Io ci>octiro|^otot::otiy io in 
vonoe prc©isotty fey t ^ olsoalotB tn plcoo of ooiorSnetsff* 
6olo*tcetf^ tme i^ eoosBlsseQ ctxKit ^ o ProD 
1859 to *9G0 Gi>|H»0r©<l eoci© ^oW fmoM) c:s)tboC8 for tnoiiscoto 
but the prooete me Btm^* fntoreat lies bmn mvclopeei 
to t^^ttotli oeataiy cmd amrftig tt}0 leet fm ilc^o^e 
trofle l»«eii on «olor{@f)trto de^r^inetfota of eabst^ ^noes 
of inotieafo ena oiieBSo ortgfo* Hi® feoo^ •Colorl*t®trte d^temtm* 
tton of traota of n©t«l«<» by ha® e cletsto Uoo^ 
ta tlie loori^Bfo ft©ia# Siidll ®ii« Enell®^® bos eJso preerfitea m 
aoeoont of «eir»lop@ciito tn tlita ®r*a« Bolts^^ too hm given o 
(ssmlloss cootrfY^titloi} tor tlie ^temtmtion of nm mctale, itio 
pertoate review® in «vef} yoero of ^^mlytieel Cbmt9try* prvetmt 
en eecoimt of davelop^ntB to tutu field fro® tim to 
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ror ®pe©tif0fii0ttii!«tn© a#tef»ftiiitl€iiifi eertet» regal r«j?!©at© 
liiofft 1>e falft l l «d» lti» toportant m m aippltcetton of Bmr^s 
tm, eteMlttr of oolourt efCosltt^ltFt eeleotl^ty of tfee 
ll«©r*a Imp (or Seei^-jywfiert® ml^tm the tmmt%mm 
wim cimoedtrattoii t!i© reletloa ©ttlier A m or & m mf.^ 
* ffl 
^©f® A t « tbo et>«ji?j0BOCt ® ebsottJtivltjTt h to tjfeefitlj of tlio 
cel l to ^iot j r«olt3tt<»i to pl«sce<li C te t6© oonooaftrotloa to grscss 
p®r IttTOf e I© tiMi cBOler oUeorptlvlfcy qoq repreecot® tli© mlor 
eoooaift'cttoa« fa c wey o Btralf.l3t Itoo t© otjtctaea m 
Iplotttsss etJcoffesiMso Bictnst ^^c mmmtratKm^ ao^etton 
froD tb© dtratgbt Itne eny e i ^ bo o^eoi^ea tioyoad t&e rcs§© of 
o^pHoebtltty of eear»0 Howowr, to mHctin emm^ eoote 
eolibrettoo oarres fem?e eleo lieco for dotoiratoottoos» 
fh© ^nstttvfty tell® o ©tnte®^ teoisit of c 0c®si0fie0t 
lietng aotefS!tii«6» tb© ••leotfvtty gtves tfeo aoteirotBOttoti of oae 
empmmt or « gronf* of eoaponefiie la i»re»#iioc of other®* ttee 
roeottoD 0oa«t1»» he wpmsitie to b© ©ppltoistile for 
d©t«i«ta«tton «f only o sttifl© eonipoiietit. ioeH r©eetto»fi or© 
of ctiorKiocts t9!}»ort«iie© In okMilo^l nsftlyalii, men a fierttoslar 
ffvaottoo te not &pmitf0 t t ©im !»« r p ^ mr© «©l©©ttt7« or 
•o^ ^^ flnr©© ©p©©lfto ^ th© proper ©ajostiKfitt of tb© atff©rent 
v©rt«l>i©©« 
fli© ©tilbtlltr of til© «o»pl©« for«©a «l«o ^tormioe^ 
hy tti© e^lteaitoti of «p©©tro^otoT^trr» o©t©r«itii©ttoa of mle 
r«tto 1^tv««fi til© i9©t©l Ion ©HA tti© IffaaA 1© frv^oeatly ti©©a to 
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identity the mm^lifx^e tormd «» a restilt of ehmtml fnttraotfoiis* 
fli» nol© ratio ceo be eeoertetn©^ t f tli© tlnr«« Stfferent 
proeedfires vln* ( t ) tiie netfeoa of ooutloeott® vertetton ©ttrltiotcitjl© 
to «fot»t (14) t!30 laole ratio raotlioa tntrofiooea l>y ^oe ona *rooe8t 
eoa ( I f I ) tfee ©lof^ o ratio mmoQ t^ivm uy tlnnroy eti^ J Mcnmlug, 
oco of tiJ© £tr6t two I© to ooceots preotloe toQey» 
fa Qnsotltcttwj ©footer,I cnolsmis tti© oolorlt^etrle 
<3£5t©Kstfset4o0 of cotGle hoQ hoon proved' to b© «ir© tiseftil off ©11 
«!i0 TOtliods* Steoo oopper to iamricbl^ fotmd to tsmy oroo cad 
tsfootJcntOcl Bofestcstioo© it© mlmttms ©stlaottoa to tfeoee 
oatjotcoeoG ncy Uo oooef^eroa fo t r ly Icporteat in eliootool 
csolyols, 
pmmnt tte© ©todlo© m titcmoEs 
taasstoarecsote m © tiei? tiiongoato foB-ecolie^er, ft© loo-oseljrngc 
properties Itfee p!i»titrjitton» scleottvlty «!te# 
dotermioisil^  wselytto.-S utfltty f « ©aplorea ^ cc!5fei?lf^ 
tiKfiorti'iit «eji«ri»tloii«« A mmnry iwsleotlvi^  toti-esoftcnger, 
oertm i^leiift©, hm bofii Stwjftcfs on tbt® now 
tnorianfe toiw«jtot%f»iiior Inoloae ton^ escofit^ ng^  eopneftyt eofflpoefttOBt 
oltr^f^r;! anA tboniirl etuMlttyt Tf!« W!A mid eeleotlvltjf* 
eepemtlon* of nm^ rettjsl tons ti»ire aobiovert oa its eolt^c« 
to or^er to tiiia«r«t@i5ti t l » v ^ t i m i m of loiwexchattge, ^fsotlos 
otndles fire mm on pootter toii»«*c!ieRgrr» otennf.o i?r»eorto, ill® 
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meultts o!iteto«a ere 4ti«eame6 ctKl laecfiimfem fe foona to tra a 
t^rttelo MftmiQB emtrol for tfe© ooQdlttcaj® etat^a in 
esi^erimcmiol part* A speetropbotmietrfo f^moa tim ©l»o feeen 
for t&o Qt!aatttcttv0 of oo|}t>«r with 
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1.0 
0.5 
0.5 
i«08 
i.5* 
1.C6 
0.98 
3.22t 1 i t.58 
4o 
drte€t at %0 C In ri! mreci« fbo arted pro^ot t>roke 
Into ^ o l t porttolo «b©ii tesaereca to wGtor» ?tie ©xcfcra^er 
partfotoe mre co^ ooowortefl toto tteo R* foi® feecfjtug 
to o eolottoa off 2?t flSCI^  for e% tiouf^f lQt«ir©lttcotlsr ftipleolog 
t&e 6iif)e)niot«oti llqold i^^ lili o tmt^ h oota solnttoo* f t woe c,f»ctfi 
« wc6ticO '^Itb ^eofaeroltKOO ^ater ftoolly ertea of ikO <s in aa 
L) 
IMfCStr^ TS 
ym^mohmm^ cageetfe^i fins toiwesetiaiige e®|?aettr of varfoti® 
ti tmiim tm^^to^wmmt^ wee aetCTOfuca by colopga 
operattoa* fti® ionmrnchrntg^v iti byarogeo fore wes pleoca in 
tbo ootmm gleaa ifool 60|)fj0rt» poteseito ultrat© 
solutltm w-o tse©<3 00 tlio eiooot* ©loot© wbb aoll®ot©a» 
fti© fsi^rogeo toas ©lot®?! (o® fra® tfia csoleifi et t!i© f lo^ 
rot© of ©#5 ol/olo« wre tiliicotrteoSly eoterxsloe^ t;ttb stnnserf! 
eoliitloa of BoOlco fs^ G^e i^ao ostisg i^eoolpfstfcolten g0 SuOtontor. 
reeolto of© its Vchl^ fti© feyerogca ca©orptlo» 
©opeolty 5PoSooct!3G otfcor oot€o®0» w o q28o detoitslooO 
©Gr l^o t!wftt, cofl fosaid to fee otsa 0.453 tx^/m 
for Poleoo£c3 flg^^ cad Sfe^ * reepeotlvulsr. 
OF<30r to 8©o tte woffitor; o© en esotscEjtor, 
cc|jceity otm (S&tGwaimQ tow eoso fsaao atvcilest 
oettoQ 6olottOQ0« Hio Qloeato tieea trei^i toltitfosi of ctolt of 
fTftHO^ t ttlfO^y SlSO t^ end BrClia^)^ 
•00 ml of t!^ ® eff locat oolleoied t® ©voiy oQse. fli© r^snlts 
@re giir«ii itt 9@D1© 3* 
luO 
tmw 3 
C / P M T N OP TJWMTM TMISFOAMMAM { N ^ M } 
R0!i orrrcirar m t f m mr^msf HETAII tans 
Hotal £!olt 6olfiti(Bi fieefi pn of t&e 
eolotton 
'V 
foil* 
esebonge 
oepoolty 
rotesstm Httrate (IH) 6*0 
SodtcM nitrate ^m) <i*0 
lathtissB Bitrete (t^) &.Q0 
Bartcsi Uttimt© M 0.97 
Strooties l%tr©t@ (iH) 6.7 0.«7 
ISegiicataffl Mtmta {tM) %m 0.90 
Coaefntratton aa^ glattaaa onyy^Bt fon-esEetoiig® eepeot^ ot 
tnorgrnto tonmemhcngcTB dep^nde upon tbe emfsentrmtim 
of tlio efiiee tfsej? ere mek ontion i^tiangere* To 
tii€; optfmtiiii o<iB6{ttdti6 for tii« aAtonstiiftttOQ of toti*«sehcoge 
oopi^ofti'y emieeiitratlnn en3 nlottoii 0Qrre« iref« plotted* tn 
to flna out t^e soltoDie ooneeatratlm for the masareMot 
of 0*S5« 0«90t 0*75» i«Ot t«5* 2.0 
imd 4«CKI nolotloiit of 00^101 nitmtm woro osea om elaent and tti« 
eafsaoltjr of om m O3toli«ii|?©r deterr!iii«a fty tttrRtiag tlio 
collected effluent vltli 0«tll ]l«<m« Ifee TOluwe of efflneat t » e l l 
o 
th# ofifi«e wae ^ IB1» ftMs rettilitt mre givea in Table % and ore 
pi9tte6 In 
CAi^/CTfir. A0 A mssnwfm OP ccmn^tmfyow 
dsr TTfMfor? TOcBfOi^esF^AfB <M»fff} 
C(ll»»Gf}tr@ttOQ of f (tseq/g) 
d.ion ©•50 
i«03 
umi t . i o 
2»00H 1.10 
%»00l! 1,10 
for elotiaiii ocirv«« O.tif mta i«Olf eoditm nttrat^ aotnttim* 
fbe offltttni wee to 10 ml 
fr^tion** 1110 Hirdrog^ ton* elote^ from tHe oolaMi 
aet«fistt}ea ee aetoHlied ctsove. rvsolte etre ptott^a tn 
B«milt«ftttoiit For reg@fteratt<»i« tlie txefoaogcr ecmirartea to 
luO 
FIG. I 
0.5 1.0 i.b 2.0 2.5 
MOLAR CONCENTRATION OF NaN03 
ton-exchanqe capacity as a furvction.of molar 
conce n c rwfri an of N a N0 3 
5r 
0.30 r 
0.20 
X 
u 
«r 
O.tO 
0.0 
— — " > 
0, I M NaNOa 
».0 M NaN03 
I m 4 ® ® X » 9 
± ± X X 
20 40 60 80 100 
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120 
Fiq. 2 Elution curve** for Ti ( I V ) tunqstoarsenate 
r r ^ 
0 ± 
B*^  tOKs after eeoti ob« eoO ©luted witfe IK potescfos attrato. 
ehcQge of tsyiSi^eo lt!)©r4Jtto» oapaofty of «anpl© is-fff lis 
ttie eofiwe of t«»geii@rattc»o o ^ l e ^ae opto ffv® o^ lee , 
ime msalimB^ ooi^eoltF tor in i»ft«r ccch or^le wc® foesa to ti® 
l.SGf i.iJSf l . tS Qsad 1»I7 rcspeotlwly. A plot of 
loB-osobcago ©OficoltF mmm midbtor of r«s«m©rotlo» osrelco 
te sfiown in 
Hfcot tyoBtuietitt E^cpl© ^ t f t tfo© et dIffOTOOt tcEoporotoro® 
in raiffle forooij© for 0 l&ooF© tiJO toa^iwticaie© ocpcotty for 
tM loo wae S^ OSf ©•IC, 0«09 sua 
# t» « fi) ^ 0 o 
raea/n for pro^iseto ot QO » t iOO » GO0 , SOO » W « 500 
A 
COA C ROOPCETTWLJR* FFEE ROBOLT© ISRO PLOTTOS 
(Bieiatool staMiltyt ftie o t i o o l o e l ©ioMlHy of o i l tteo fiiacfjlo® 
of tttentns? taagstooriKJiiQto mB aotertsfoc^J t>y toxins of 
tfee ©xcfjragor fii bydrooea foro md cb^ttis titti 50 ol of tts© 
eoltitloii oooGeroed 18 6 tacsj^mtrnm oootrolled shci^r for 
boiiri ©t S5*C* ^ e trndfesolve^; portloo of tltcalu® twanstooreonoto 
removed \iey f11trattor}« ftt&QliiOt tuogston cua orseate in tbo 
f l l t rc te w«r© dtteretneCI «i>©otroirtiotos^trloclly hy follo«ti2|! oottjo^^st 
to ftltr&te t&o tttnilQS5 ^se doterslDCfl fty hyerogm per 
oxide retfeo«^« fn tfele aetlioa o 5 ral portion of ftstrete «li<cli 
t» In eQtttltbrtii® witis ©eaple vs® eisei wttSi 0*3 ol of e H^ Og 
•olottoo ena voltin^ wee mGe opto 2$ isil omim eolpfiorlo 
ecld in e volofRetrlo flr.e?s« Hie «fe8ort>roce of tbe oolocnr aeirelopea 
luO 
II III IV 
N O . O F C Y C L E S 
Fiq. 3 P lot of i on -exchanqe capacity aqa io s t number 
of reqenerat ion cycles 
luO 
Fiq.A 
100 2 0 0 3 0 0 4 0 0 5 0 0 
T E M P E R A T U R E ®C 
600 
l o n - e x c h a n q e capac i ty as a funct ion of temperature 
for t i tan iun tunqs toar senate sample M HI 
c : / I 
vA* seQamrad fit WO m sgeinst o r^egeiit prepared wder 
•1«iler oaoatitoiis, 
tsBgetde e&tlmtod Bpe&tr&fib^tsa&trteelty minfy 
tHloeyesct©! eiaoootie o&lorta« c?otbo<3*®« A 5 portton of 
ftttroie mB tBkm to 23 ral stctMland flc£ils ciia I of 
torterlo eoKS eolattoof t csl of 50^ craootto tlitooyoiioto solottoa 
mro adl^ ed oi^ dtlatod iiplna tbo i^ at^  wttS) 7SS etooisotie otilorfde 
eolation* ffe© obeorbctsoo of tfee ooloor aewlopoa wo© ooesoiroa 
at 420 Q0 otter 00 t^tniitee c^otfiet a reegoot btc^!^* fbo mmmt 
of tiifigetoa we® oetfcetoa tti© Holp of eoltbrottoo oorvo 
plottoa ©tcnQora tisBs»to» soltatfim* 
Bfttersliiotiott of oreiaafo wo© ^mo by bits© 
©etboa^^* fli© reegcut oolottoa ^ob preporea by nisfon tO of 
0olotioii A ( i gs) ©ols^dote In too ml of ^^SO^) 
t ml of solotton B <0»1S ca of byaroeloo ©alpheto in iOO ol of 
voter) m6 <Slttittfi^  tbo ffitxtore to too fen ol of thi® 
recgeot wore ftddea to th® osaplo eolottoD (5 ol)* fbe slstor© 
WBB boatod on o atom b«tli for 10 alotite®* Mter cooKos I t ms 
treatforrt^S to e 05 ftl stmdorS fleol; end dllntea to @etfc 
vttb roegont ooltittoo* Tbo obsorbonoe wes ta&oo at 700 ma 
ogotiiot 0 bl^k* 
tbo mealte of diotolotloo of t t t ^ l i m toogfitoeroensto 
in dtfforoBt solvent oaeb oo donltiori^ltsed irfit@r« IM owcmtaa 
iiftret«» IM oodtw ottratof 411 bydroebioric eoid, 4!i iittHe 
D v) 
ttetdf 4H snlptitirto aef^ * 0#tir eodtttsi liy<iroxl<!«t itetbGnol, 
km eoetlo eotd am 0*tlt o3i@lte acfd ore pret^nted to tal»l« 5* 
CowpqwitiiHH ffee «3Hjhcii®BF mem t^o M^ftf (0#5 s) atseolvefl 
iti so wl li®t eonoeatrAtea gtilpfeonc ectil* tttentom wo© 
liy tli« tttrattoo ^ith ferrte mmmim ©olpfaat®*® 
9Ql«tt(m* ftie orseote "^m seporotedl as 6tli;rer crsenoto m6 
<ieter@tiied volnsietfteollF W tfetoercaot© 
tttopetofi to ftlti^t© detAratned by ^soroofoas 
14 nitrate • ffee iresolts er© glvca fii 2» 
foa*»€atetteini:e poteattoi^trte t<trctl<»it titrottoa© of 
ttteaias ttMnetoarseeete (smple I3»ttt) wer© wttti 
If ffofti!!! sodios feyarosKI® end potcsetiffl ferap^slQe 
wttii their scltsf Ijy th« of fopp cua fcpper^^, 
pertom tli«fie titmtiam ol&alf ^olatton eolt 
•oiQttoii mve ettSEtti^  ratio of allEOll eolation 
i t » Halt ves tatceii to etiofe & my tfeiet tlie totdl ^ l u ^ rei^ etmea 
50 « !• 0*3 g of ttteotaa timg«to«r»oii@ti» to tor® oc!doa 
to «0ch oooioel fletlc* iitl fla&ke i^ert tbolteo et roos tegtp«rat»r@« 
fti« pR Of tlie eolation after witli r«aetioti tefstore for 
four hoore ires ootod* fbe rotiilto ifttb salt ere gimo 
in fii*5* 
Oiotribatioo eooffioioof i 9lio aistribation otudiee «ero eerriod 
out for motsl iao9 br betob proeess to omisl mmer^^^ A latoivo 
oiioitiit of oetioo solatioe «befe«o for aix boore ot roos 
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VOLUME OF 0.1M ALKALI ADDED ( m l ) 
60 
^iq. 5 p H t i t r a t i o n c u r v e s w i th added s a l t s of 
T i t a n i u m t u n q s t o a r s e n a t e ( H * f o r m ) 
^ Q 
O b 
tesaperotam wltb 0*5 g® ot exotifinger tn 0 e<mlc®l fleelt 
oontoiolni^ eoltitlone in wtsteb tbo ai strttmttoii 0tfidte« 
ore iSeefrea to %>a stuafcd* fht totol voltsiae tii alt tbe ees^s 
wc© 90 0il« Wg eapeimoto wo© drolnea off cna mtBl loos 
ren®t«fS3B tJ^  ttj© m l ^ t i m wm aeteroloe^S tttrlTOtrloally wttb 
6 etccSarQ Cn^A ©olotton*'. fti© <3t©trt!>iitt<MS eoefffloloot (sa) 
volts©® for cetol ion® were ocloalot©<3 6f «s»taj! folto^ng 
cqoettoiii 
©ijone 1 eo6 W ©r© tli© vola^a to al of oooEiissoa lj«for© 
oaS eftor eQniltt»rtt» reepeettvelF* iotoS volvim of tti© 
soltitloa Is ^ ©1 £snO ttic ncjomit of ^soticoger need le 0.5 
ftio r«eoIt& of Hd voloee in denttserelf^eiS ^oter, 
0#JIM eir!3®ilitt ottroto ma <31 lot© nltrto eol^l solottoos of 
p!l 8 on<3 3 cr© eti?©n la 6* 
Sapercttopgg To dcwlop t&© easlyttoal uti l ity of tb© Ion-
oimboi^ort soperetlon atitdlo^ werm 2 g of tltsolcia 
tnngstoereenato ( e i ^ l e IWTTT) In hydrogen fore me t&km In a 
oolitm hBving B fielgbt 30 tm iind 6leawt«r 0*69 Tt mm 
rfigener^t^d wltti 211 « l tr lo tola eiKI wQ«b«a wltti aelotiisod tr®ter< 
A teiowo enooot of ontlon •olctlofi «86 trenefsrvtd to tho eolocm 
VAE ALLOWOI to he absolved OB the «xeh@iig«r psrtfole for 
luO 
m tAMxms 08 TiTMriiH TtaiesTOAosmOT (oi 
Solvent 
CetiOB 
IW 10*% Ml t o * ^ mOj 
» r - r -
B®(tty m . e 158*0 59.4 18.S 
SrCTf> 589*0 0*0 
f%(Tt> 569.0 Q97.0 toi,© 
!«ll(fl) ©0.5 5.6 7.0 
^ ( t f ) m . 5 15^.0 19.0 
nnA 7.5 S.8 
^ c t t ) t3n*& 55.0 0.0 
iM(tn} f .A, t.A. lt5.0 550.0 
^(tv} ^A. 171.0 
85JI,© 566*0 115.0 11,0 191.0 
Sffl(lfT) 5975.0 fi55#0 t8%»0 6S.0 JKJ5.0 
r y ( m ) 656*6 tta.o 266.0 
Prdtt ) T.A* S87.0 460.0 
o « { m ) 1150»0 4%6*0 t51.0 m 175.0 
Si(TT) 160«6 50,5 eo.7 29.4 
C»(fV) C06.S 49.0 m 
Cii(tf) 116««0 11.5 6.5 10.8 
» fota) Adeorptt<mi SIfW m fi«etii«ralti;e<l v«t«r 
luO 
2k bmm hy repmt^^ reeyotitatiim of solotloii* effluent 
V0S t» 10 el fiwdttoos at a flow rrtt« of Ot9 csl/nfn* 
ana ta fraeitoii the aetenslnation of oetfon wee 
s«l>onit«l|r« Use ecpofatton of Wi(f?) trm ISnCff), m i t t } 
C«(f*) mvo op ttw^  of b lots© Mtievenm to 
Efl volii®©. tesooioa oltreto ©olcttoo (O.GJSH) on 
oleoDt for tb© elotlon of tfgCTT), aoCtf), fSoCtT) Co{tf) at« 
PbCtt) we olotea wttb 0»75!® oltrto eeta# fti© oirder of otottoo 
ctill iiro preaetitoi to ftgsc^ct ^ ^ ti* 
luO 
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B3 
mgn@STo» 
fitmim imf^BtoGwmmte poGBetme q gockl eatton mcohemg& 
mpmttyf fetr e t e M l t ^ iwd aifferentlol ««l«ottirtty heme 
eon t>D tsaed for iom^mehmtg^ etnatee* 
Iti© teeultB of tM& stuay stiw tfiot titdnttia tmiseto-. 
oreeoate m^Q m e mtion esottom^r t?ttb oopadlts? 
rm^ins iroa O»90 t® oeci/g ^ f®"* vortooe eoculoo preporod 
tuder €tffov®&t oonatttoad (totrle SK ttie rostslte of dfseolatton 
of eitcattiss tmsetmmmtito oe ©tiosoirteea io feblc 3 ttaet 
o i l tbo oro ©tobi© to iiiofsotslo co tjoll m 
oi^cQio @oltreEit6« Olit of -ttioso fiaopl©8» eeisplo M^TTT ^es firoforrod 
owr ottsor eonploe boocaco of Ito eooperotlwly blBber ©tsMIIty 
in atfferent Eqeeoo© m6 »o!i-»CQiiooao @olv«iit8« Tti© otieatoot 
oonf>o@ttloti ctudfes oo ecoDlo M-ftf gevo tbo oortrliiatfoo ratio 
of nmf^B m 3»22|l|1.38t 
In order to find oot Its «oncltii oepcoHy o® m tmm 
exc^coiior tbe eapootty wee detenstoo^ for vitrtocit atkalt end 
6ik6ltm ©ortti oetn tone oo «©»ple ^Ttt W oolouo prooedore* 
file resalte of Yable 5 revecl tbat tofi«<}iieti&iigo oopaoftr d«pei!<ie 
apoa byarated rfsail* flie ton»««clii»iige eepaetty of Glleall una 
QltiQlIno ©ertti eotol loos d©or®«««B wttb tnoreeeo In lir^rcitod 
rcati ^ l e b t© e» p«r the liwe of eelootlvltF of loo-oxebangors^^, 
FtroiQ tbe resolto It oan tie eonoloded tDet tbe offlnlt^r ce^enoe 
for allcell aietel lon» lot mm eltcoltoe es r^ netet 
luO 
tone foltov tti© onfler fli« aepeiwii^ iie® ©f 
too-exohoiigo on tb® tey^rotftfl ra48tis« em «ittn%tit«H 
to tb© ea«© wltfc i^fot} too® witti sealiler rcatl Qoter 
tti© por«e of tft® cseb«?ig©r» Tbis ptieni^^oii resp^BSftsl® for 
tbo afffercaoo in casorpttvtty of the ton© wttfe dfffereat 
oGpaotty of t®oi^CQto lois^osolioBeer® 
tipoQ tl3@ volnsi© and eosoeatrettofi of tb© ©loent* 
ooeoootrottOB cad ©lutton oarvee am esseoitel for ctjorcoterietn^ 
©lottoD 1>d30vt0«$F of m ton*>esctieiiger» Jm t© oleor froo F^gore t , 
tSjo opttesttD ooaoootrottoa for © ftsed voln s^a ol of the cleeiit 
I© 1*631 for tftcalKo tiffiG©tOQreenot©« Wq oltitlou stem00 
(PtGOS^  n) to^to«to tticit ciisgset o i l toe© cr© oSQte<S fron t&o 
eoS®5a tJttbiB ili0 f trot ol of tlie effleent mim ® olceat©. 
obcBj»o of ti^dtogctj llfeerettoo eapcofty of &cmp%e W-TTf 
to tise ooftrs© of regeficratton ©srele (ftear® 3) wee ©ttt€t©€l opto 
ftv© cycle®, DQteratnettOQ of os|»i2i3lty efter iHowea 
tliat there ««© veiy Itttl© loss in oapeot^t ^©rofor©« tit© t&m 
mlnm of m^ y 1)® asea ra^ iigFiii* 
file effeot of afylas ter^peretor© of tltenltifs titiif«to» 
©rsfiiat© oil toii*«x©lti?iige eepselty (Ftgur© tndiect©* t!i©t 
eepeelty opsm tlie eryim temperator® en« bene© t t f « not 
advtei^ lil© to dry th© eitehmfer ot © t©??i»©r®to*© titgli©r then 
Pu^  
fbe reaolte of potentioaetrto tltmttoa COTW© 0f ttils 
oEobcBger in torn ebo«ii tn rem^l tbct tbo oiBteriel 
l)ctiois?e8 re imirftmctlosal mck cofa. Htm e^pfvcioiioe point te 
aetejratooa ^ tfee tofleottos pofot but eiiico t!ite emtivnej^ r in 
n* fofo whm o poSFfonotloocI veck col <3 eljoreotert tfee egoivoleco® 
point oca not feo tflootlffoa f e l r ficgroo of certotn^* 
lEtio CQOtptlo. I ftsporttrooo o f t t t e n t o o tatj^Gtooreooatc 
ocn fee deduced ftwo tiso r^ Etslt© of iroltteo (f'eblo 
otoQs^  of aietrtbottOD coofflolcot© rewol© thot tbl© sotertcX 
po0©©®Gos a t f f © r o Q t t t 5 l e o l e o t l ^ t y t o r csetal toes. At hirl^er 
p!3i t!io m vGlnm oro litCftJor beccaeo loeo ttjo tl* ion© csjyo io 
tis© aptolB© of ootloa IJF tiJo essotscagor* fli® v^mlttt eliso tcatoot© 
ttiot tltentoB tongstoereenete fie® tslgti coleotlvtty towoi^e 
R>(t?) tone tsmr otti«r oetioue. On t&e tjosl© o f lei^o a f f f e r e e e e t s 
between ®8 vein©© for o©rt©t» sotol ton© son:© ©©perotloa© w©r© 
trteS t^oe© prsotfoally «o!)t©ir©a ar© !t9t©a tn Tetsl© 
Gb 
tmm 1 
so?® SCfAfi^ff^lS fTTillffCW TCHOBrOAHira/m: COMlflO 
8t« 
HO, 
e^parattoo 4?iocnat of 
notion 
(fml 
ootlms 
renowr©^ 
error 
t . ifeCtf) IS?.?© tm*m 
m t f ) 
aiCff) 
mtt) 
min} 556*60 m 
m(n} t»?o 
ett(tt) 603»65 
piiCft) 0*07^ roOjj 0.55 
fli« r««oti» Cffil>I« reveel tiiet tltfmttts tmg&toBrBmote eolnifsi 
o«ii t9 Mpfiffit^ » < f T ) fro®^<fT) , aaCT?), ISiCff) mn 
eii(fT) ^aoQttistlinsty* fli« •eperaMime ere ^aantttettir® end tbe 
«rror wltblB ©rror reiig«» 
1« faong«mto ton C«>tjct!g«r, 
0. trnlfemlm eaa falcat©, t % CI9 (i9?S)» 
n.^restit, fi.®st30r oaG 8epis»8oi» 5 lectsiiijl., 
t% 189 amy* 
imt m {tmu 
S3, m? am)* 
(t970). 
B.B.eaad^ll, eolortcsetrto D©terts|ttBtt<iii of Troo® of liotol©^ 
10» fd©St ttit^,, p»S@6# 
t i « Tdef^ t tt>ta*« i>«SS6« 
10, •St®o<!erd netlioa of Cfeeoioal 
WOBtraod eo.TnovPHiieeto&t Viol*lt t96S# 
lem^ IMfi,, p»tl7» 
t% end 9S99 
tkt (tmh 
luO 
m {tmu 
iBm r»?I©lffoHoEj, •ton Csotiea®©*, »:cGrDw«'nm teo^ 
StiSfl^TSt^ roiFGOfTtS 0F 
CERfc^ sr.iogf^ /^n t m tsr m a 
wvicvittf scircftTO 
G9 
BmmmBi tm^mwrmaB i>mvr.mtm w ci:mm BBinstw /m tw 
tm AS A mimmsr BMmenm fow^ixga/Horis 
mm mBt tit tHe fteia of tonHiiobcsnge 
tn tlftn l@6t two dtoesee tn tfi& &rm of iiiovgcisio ton-
esebmgetm* Wamrom {satvrtcle birre tm&o reported m^ 
older tmrnmtQbeagQ mteriGte iutve h&m eta^ie^ to nrocter Retell, 
1 s 
8eleett@0 of tto ana tttimttisi*' bave hem ejmtlieolised miS used 
for imrtotis mpor^timv^ fa ooattm&tim of ttm etodtoe oo 
Isoxiatio a of Ifterettiro i ^ o ^ ttjot 
no ni^ ti ^aw «o fur Deon re|»ort©a on oertiKa seloiitteft 
l^eroforet @ ttow toofgeiito tooMusefaiaBi^ ert mrina Solent t© tsoe 
Mm A mHm featoro of tMe eetorfal te it® 
iiigh deleottvlt^ for ^roiirsr* Heroury hm o tosto offeot on 
plent ena eiittsil Itfe end lienoo tbe detemtiifsttoti of nerooiy 
tn ©oviron^at t» of f r»»t tntereet* Extenstvo woifs he® bccti 
r«port«d to tls« ^roory oontasifiiattoii to e boat of 
natortela «vt<s«iioea hy 0 nrn^^r of revtoim^^* Tti« prttent 
cbfi^tor deals witti e3«ttt«»t«» ioa^ewohmm^ propertlo*, plijrAloo* 
ohiwtoel ptt»|Mirtte« of mrim »eleott«« iosie ©a©lytt«elly 
l«i|>ort8iit ••parottoiift bairo also %««» Obtfitoed on Its ooloiii* 
luO 
E:spF:nTi!r!fTAi« 
Apporetogt An @leotrfe torpereturt eootrollea 8fCD shcfsur, 
fiaosob mB tiO^ SfM^tronte^iOf Blt<^ <i pti mtnr I>t<»tO 
Spwtrosmh-BOOO (OiaigejyK ffemiel t^deiti ttief»oli@lenee 
tsy r#0»t« {Sliiart) una cntwrsol^os-ISDB were for «6eltlng, 
epcotroptsotosctrlof pot«ottoaetrlc, tofira-reat tliefBWgrsyfcsetrlo 
tmQ ^mrml cimls^etc rewptmtiwely* 
Coegtentsf tesaalon ecrrte ealplioto (BBS) ©nfl eodtua eelesfte 
lotefiel, ©eiTJO^) osod. M l oilier ©lieoiofjl® me^ m m of 
caolytlofJl 
Sstiilieetet 81s eccple© of eerteo e^locitt© 'mm prfKStpttotefi 
fey otstfis ooOtiS3 ©©lOTit© csosossiiis c©rrlo ©alpliot© eoltitfotis 
m&er tlio oonaitlooe clv^o Tcble ffte eoltitloQ of eoaioa 
eelctitte me to a oointloti of Qmsmim oerrto 
m^ t!io pn wse c^^fsetrd hr eQCUng oltIi«r oftrto mid 
or t5y<»ros!l<!J©» On eteaflltis for 8% boars ttio |jr«efptt©ti> 
oottlea. t t i?©e ffltered of ft voeliea f i r t i wttfe tfat«r of 
prmiptt&tim itteo i^th <it@itti«rall««fi wator fff 6* 
<!rted to m oven ots flio proioot af l « r drytng t!i?»r«iid 
in water* Itie arica proioot tiro&« ^mn Into »«©ll pitrttolet 
when t$;x»er«ed tti water, waehed m6 converted fnto tbe B^ fom 
tigr trentMnt wltb Off MO^ for bottra wttb ooeaatOAal gbfitetng 
ma tatarsitttetit obmigtiif, of oltrto eoid« r ioal l r t t waa wastiea 
witb 6m%mmtim6 water t i l l free fw^ <irted at 
luO 
file oertoa ft^lentte emverte6 to l?©^  toro tty pm»ttm 
J35I eo^tir? uttrote «oltitio@ mow on ©sofacmfjcr mlvxm odatciintng 
oxotociii©r with el©©® wool support• ft»c momi> of Be* l«m« m m 
mieS3G6 fsy p&B»im OemimrBlimeU (Srted ot 
fmm & 
eotiMTto^n OF TOPAmftosf » j^i^i^-csfBS OP csntiwi ^ i r f i f ^ ^ 
1 "T '""""r" I 
mHiiiB pti of 
ratio ftnGl CeiSo 
solottoii o&i^ e^ ttsr 
Scfflpl© Kolertty of 
nesgente etsed 
ilis^titts^ 
eorrto ©eloslto 
0«fOO Mm m t .o 0.60 tiS. iS 
mn Mm O.OfO l i t t.O t t t . i o 
CSS oaoo o»too tt2 0.0 0.70 ttt.1% 
©.0S5 0*025 its 0.0 0.92 l l l . l t 
CS5 0#02$ 2tl 0.0 o.a§ I t l . l ^ 
CS6 0.029 0.029 112 0.0 0.06 i|t . t9 
luO 
fli« m v t m mtmite «o» 0Qmr«rt«a to Ha* for® fey Ddesfiii 
eciatiis Ditrot« solcitioii csvor en ^vehmg&v eolosii oontfitntiii 
€«xebciig«r with support* ^Im of He* tims 
tre^ea tsy p0@fili3§ mtmr end ^rted at 
fmw.B 
mmntTimv OF pnripAnAftffi^  OP csntcif eeinfrfc 
r - - ""T" 1 ' 
SOHDIC 1 mol&tity of 
ae^gente etmod 
taioaliie *8oS tii» 
mrrio ©elcailte 
imlpsmt^ 
HIstlli 
ratio 
pf! of T08« 
ffii®l tsobeof,® 
eolisttofi o e p ^ l ^ 
Oei&o 
CSl o«too o»too t f l t.O 0.80 tit .19 
<252 o.oso ttt 1.0 t f t . lO 
m O.iOO o.ioo tt8 0.0 0.70 
mk ©•0S5 0*085 ttS 0.0 0.98 I t l . t l 
0.025 &tl 0.0 0.88 
CB$ 0.029 0.035 tf2 0.0 0.06 I | l . t 5 
luO 
mmeityi ftie ©eiwioitF of fltfferent 
©fstaplee of o^rim $elm%%e dQterotoed ht ©oXetfSi operstloti, 
i » hydmgm foro mn plmo6 in thet o&ldon 
talth el©®® vmt ©opport* m ®o«tt!E3 uttr&tG soliittoti wafi m^G 
0© tbo fb@ Hydrogeo ton® etotea troa tlio oolosa 
» 
titrtcotrfoollsr doioratned stcniof^ mlnttm of ^oSittci 
bs^ drdstd®* ftid ro6»lt« em siisisarteed In fsililo 8* In iir<!er to 
00® tt® mnekim mpmtW «» m im'^GwsQhenm^* ©epoot^ vm 
otm «©ti3»olii©a for som ont Gaa aursleat oottoia©* She eloeiata 
oeoa ^ensf tM oeob of Golotioa of H^O^t 
eafl eM BeC^d )^^ * 400 ml of tli© efflaemt wim 
oolleetea ftt mevf mm* Wm r^stilte or® otw® in fet»l0 
fmm ^ 
tosuBMuman CApism OP CEOTCH sciotfo smpm csg 
roa osir akd mAum' uz^tt ttm 
i * " fH..Wiii.., mymmm^m«»ummmmm i.n.iHM..i.|-
mtQl Ion Sett ooiottoa lfi»litrftar of 0 ot tti« ImMMebct^ 
ttlMMl »OlllttO» OOlattOB 08{>a0lt3P ^ 
sf fmj 1,0 6.0 0.8$ 
H«(»05)a M o.fo 
BO^ 0^ 3 5.7 o.«5 
t ,0 6»7 0.10 
Sr®* SrCliO,)^ i .O 0 . i « 
luO 
meyelis&timt flt« byortm^ Ittkerattoo of toraple 
in the ootirse of ^m etn^t^d for ftve 
Itic t«i-«setti0iiie oepeo^^F ^^^ Kiaia^ ofter eecli oyelo we® fmmd 
to b6 O.^ O, 0»a8 r©e|?eottvely. fhe 
roEQlte er© plotted to 
<^ .©tgtciel BteMlttyj ^ aefceiwlfie eolc&tllty of tfe© mturtel 
0»S c of tb« esieteiis©* easpl© <o It* foiro wo© ©beteo 
of oppropnoto eolveat for ets tsoor© ot roots tecrporotnre* eerleiB 
OQd Bolmim mivo deter©!tie^ to tisa ©opoirootcist sotetton 
«al<,r<netHooU7 »tth Oraotno^ ct.0 cetboes 
ir©©p®ottwly# roeolto oims i^ roseotoH ia fteiUlo t0« 
f m m to 
soMSBft^w mmm stmjiTB CMFIC ess itJ smtpi^ OIOT GOIOTUB 
r ^tv^nt solotioas Certmi 
(c^/SO a l ) 
SelcAlni 
(m/30 
moifDeroIttsod m ^ r 0.0& 0,00 
Sodtms Httreto (S^) 0.00 0«0% 
teMmtoa Httrat« 0«6D o.ot 
Hitrto ma <SM) t .so 
6iiip!iiirto ma (m) %m 
/i^etto ma oifiotei im) 0.00 0,16 
Pomto M & (0!) 0,00 0.8% 
Metliafiot (100^) 0.00 0«0I 
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1! I l l IV 
NO.OF C f C L E S 
Plot of ion -exchanqe c a p a c i t y of Cer ium, 
se lenitc aqa in s t number of reqenerationcycles 
luO 
diftpiiect o<CTiQst»t<mt om m portion of the foa-esotitager nc® 
diseolirea to 50 el of hot ooncentrcted tsjrdmblorto eetd* fbe 
Golottoii i?06 tte©!3 eoolod to t^ttporotore coa tfee e«l©tifc2« 
vm psreotpltataO c® roa ®® leal era iKstcl wttli ©alpJiQr atoxieis 
fbe pfcoipfttate filtone^ of f 00a <3rfea at 
105*C to ooa®t£S3t ^ t c b t , Certra ofJttc^otoa wlcRz^trloolly 
of til |jarcQip!5©to ftso »©olt® sro to 
tmhrnmohcme ^^potoiattos^ trte tttrattoni f&o 1© tltrotftm© of 
oorftffl mlmito secs^la eotio f^wiowz^^ Ift!slTO tjjrairoMiSe^  
mGim f3r<3Fosta0t 'fjotosateo tij^ flissstdo ocsooftra ts^Grmirn witti 
tbotr roepccttiRS 8olt© by tlio cssttsoC of fopp ^o 
perSom tfeoc© tltrotfoo© ©.IIJ ©l^olt colottOQ 0»t!S eolt 
coiotioa mm C(30oa« fbo olJitos ratio of oX^cli Goltstloo ma 
tto eolt t?oo tc&oo to tmh 0 1B07 ttiot tbc totol voltir^ 50 el 
per 0.5 ® e2sol:irG«cr cDiotoioca lo costi cealocl floMs. 
pn of t&e eolottoo cftor elscriiE^ tfltli pccotloa mlstcro for foar 
Ijoare ws noted* Itie f«stilts c t ^ c^od ©alt aif© giiren in 
fhe reverse pB tttrattoo irc® aom uitli ©•IB fici esa 
0»1?! fisci ma tJio €3tetira®®r wae tc&eii to R®^  fom» ffc® mi 
Bad eolotton ir«re eiiea to socli a ratio thet ttie totol wlnae 
w®8 50 ml wttte 8 ©JKstoongisr to ©eoti ooniot^l flcsie, Mt«r 
ebalsing for foor tiour® tiso fill of vapemetoot eolotioo was 
rtjofiored. Itio reeolto ore preseotefl to 
7G 
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10 2 0 3 0 40 50 
V O L U M E OF 0.1 M A L K A L I A O O E D ( m l ) 
p H - t i t r a t i o n c u r v e s of Ce r i um s e l e n i t e ( H * ^orm) 
r * ^ 
/ 
VOLUME OF O.IM MCI ADDED 
30 20 10 
10 20 3 0 AO 
VOLUME OF O.JM f'aCi ADDEDlmil 
pH t i t r e t i o n curve for Cer ium selenite 
in f o r m wi th H C l - N a C l 
luO 
giiflt trfe&tiBgati e^rlotss »©l«ntt© cosple CSg we® arie^ ®t 
dlff€r«»t tes^i^tor®® to e wiitfl© farm!®© for B lio»r© tuiJ ttm 
tm^^hmm for m* tm (IM KeiO^) wm. 
0»88» 0.?9t « « for tbe protet® 
at m^ m^ lOOt tfO, BGO^  250, W© ©na ree^ee^ 
ftwir* tfe® results or® in Flg*tO» 
St-mottsral ftioat^iBt f^ tm^tpmt ^ o poeeltil® ettt^toP® 0f tl3© 
toa-esefeciiger irrloite ettiiSlee mm potforra^it 
it} fmUrnmmtmmmmi fofre-ttd ®t«te© m ©oc l^o 
Bsa© TOlas ror fli© ©faetnso t€J ofcots® 1© ftg«tl« 
( f t ) ^&moRmwimtmG. mQlyBlst aotorol©© Ife© wfcElit Iobo 
of til© ©artim lioloofto 00 o f«#ttoiEi of tec^ratam ^ o 
6tiiil©o woo ao»o by liooMas tlio asetscnger g) 
« t o ipct© of C por ffee i^ sotiitG er© ctveo tn 
Mfforoatfal tliercol cuelFSt® wi© 6eao % beetles 
®solJai0er at e rot© of 10*15 per i3ttjiit0» ttse reetslts 
iHetrfl)ottoii tiotfftolfiitt flie ait®trl^attiiii ©teatea mm mrrim 
oat for netful tone tsf tiatati fjToees® m #-fter 
attelatog egstHferltta tr elirtfiii tli® eetel tm foiatton «ftli 
e*ete«iier for G tioor® et roo» te^ratoiro (30 t^t oattoa® 
w«r« a«t#r®ln«a tltrattoa wttii 0*000! fto© IM mtm« for 
f3©tfil tons wr» oaloolatei osfit'^  tfe© following ©it|irt»«l<wi 
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ift»»r« t t® tli« valnsse of O^ tHsm EWA mmnme by the fcetnl tern 
l>«fore eqtil libritse end P tlio v<il«a« of ttufA Gomnm& after 
e^Qilf^rtse* fil@ tof^l imtossa of the eQalltbrotinc solottofi m& 
50 » I niMl tli« 6fS9iiiit of ©afcterufter wc© 0«5 ®ic Ed velme in 
4mimmUma wfe«r, Htm^ om mo^ of pH s, 3 mre 
0ei@mim00 ftie v^sults of M imltiee @ir@ Qivm in fable it* 
Sencmttottot fo develop ttse eoolytloel otIKty of ttie ton* 
osrcfecngert ®©par«ttoo etudfee mre perform^ tiitis a of oorfctra 
eeloBlte (eoffiplc CBS) tn 11^  forra ie © oolqca feovtcs tQo©^ 
^ieiseter era. ffeo OOIom woeliea ^Itfe doioot^ed ^oter 
^©a the isaos® i^mmt of ©otioa uolotlo® tjoe trca6forr©<l 
to ttio eolticii* fise eoltttton was a l l i m i to uGmit oo tha oolnci} 
for tioore ^ t l i repeotea f^ osi^ litsBttoare* offlQcnt mB 
oolleoteS iti 10 ol fmottone at o flo^ rate 0»S cnl per tnlooto* 
The eeperottoti of Hg®^  f r m m^*^ m^* GKO ^ ^ ^ ®ere 
Aebfeved* Elottoti of Cd(TT), l%(Tf), Bn& m ( T t ) lie® hem 
rnnm with 0,01?! flS^ wfetle eluttoo of mr&vtwy tie© beoo ol>toto©a 
vitli 0*111 mo^ * 0«1H flie reenlte of eepcretlons eotJievoi! 
are presented tn Teble 12* fbe or4lor of elotfoB efi<3 elttente 
ere preeeated In rtg*l%ef l>t o 
luO 
y ^ t j : n 
mtmttmmm coOTTCtrnvo OJJ cnrnm njtciJtTB {Bm>m CBO) 
t^tuma m (al/g) 
Solvent 
^etm if 
Iflt 
m(tt} 107 (15 196 
8r(Tt> l i s fS «0 m 
e®Cft) lOd 7S m 140 
m(tt} lOS 36*8 m 64 m 
mitt} 68*11 40 ' m 
i%(ft) 0*0 1% 50.0 5S 
m m i4S 
isa m ^ 108 150 
uim} m 135 165 558 
f!l(fV) S8,6 174 SIO 518 
Ig.S 30.1 10»G 
470 094 568 5 ^ 
i ^ C m ) jm 180 818 885 205 
mint) m 075 595 458 185 
P r ( f n ) m W 58® 676 898 
m{m) m 102 168 185 150 
8a(fXf) 9§ 110 178 196 
t { m ) M eio 556 598 881 
Cil(tf> <50 118 158 58 
m ( i f ) n 10 58 68 48 
A i ( m ) 1159 500 648 875 518 
ni (t? ) 920 8018 4890 5485 
F t < m ) S56 14$0 185 810 esQ 
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cygrosTOS 
eertm eelentte postteee* eattoa eapaelt^, 
reaeoneMe tbensel cad chemte l^ «tcl»lllty 8®leotlv© fdr 
oi^ roQfy eiad tsoooo oimi be iised for tUa eepomtim of mteuirsf 
froo ©caalen oea other imn* 
fti© «©cQlt© of the oteay of otieot©ol ©ooposltlcKj cua 
ton-©scticsi3© ocpeotl^ of <Mfferetit carspl^ s of oertos eeleolte 
ore proseatcfl to Tcfel© ffi® olc©®t taoittoel eoapoelttoo caa 
totj^ esobcac© oepeetty of oil tt^e sumptc© preporo^ ©liow ^ o t tb© 
BOO© fsatorfol to ol^ tafoea cud t® loaep©oa©iit of oonocotrotfon of 
reootont® stsfl olsisg rotto. t t olco ooaflrcsj tb© retrogeclMlttj? 
of forcotlQU of oeria© eoleaft© to ttio C©tB© ratio of i t t » 
f » order to fieteiattt© wovlsttig capoolty o© totwesre&ci^ .ert 
tlio o®p®ottsr of sosspl© €S0 we® (3©t«r»tii©a for eose esono 
btvnlunt ©atlos«» tli« re©ti*t» er© gtveii to fetil© Kepeat©^ 
tmrn^mhmm® Tiseesoremtite for H©^  ton (til f.tv© 
©apficttt©© (Fte«7) opto ftv© ©srolee* fties© r«©itlt« reireai tiiat 
8 ©Kgitt <|«fir«©«« to tofw©x©fi©nr© eaiiaett^ r wee ol>©©rv©a efter 
tti© ffffb ©^1© ©nf! thi» lot© of eepaotty t© die© to tijrdrol:^ ©!© 
©aa dt©©oliittoa of ©©leatt©* 
fti© ©ff©ot of tfryfnj^ t©»i>©rrtiir«8 of ©©Htss ©©l©Blt© on 
th© lo»«>©ic©!}eag© ©©paofty (rti*tO) lomeate© tliet wtth fnorcaslag 
t©i»|>©retor© © ©low 4«or©©s© ta toa«>©xeti0aie ©©peottr t© ol»8«rr©A 
fift©r 100*C ©ad OffHom ©©l©atte em thw l>© Q8©d opto 100*C* fb© 
9i 
« 
a«ore«e« In enpeolty with imvonm of teciperetore opto 500 C 
my t»© floe to tU« lo«® of sttiKJtarel woter ©na lose of ®©leiiftw 
wltb attectied replcoecsfele tiy<3fogi!o tone* A ootsfmrleots t;ttli 
oth&w (FI{l»IO) fbat the lieljuvtoor of oerlora 
mlmite folluwe tfto trem of tfiBtaliiis eolcof 
f&e reeolta of obesslcQj ©tcljlXttF of ooiitio coioait© 
«tjj3r)le CfS2 ore stvco to Tcfele SO. t t vqb fomQ ttiot tlso caiterfolL 
moB fotrlF otoblo tn ttieeo solvent 
To»-0»c!ir,cigo potontfosmtrlo tltrctl(Kie of sreplo OSS 
mr^ perforc^d ^ttb MOO^  KoOSt ®® eafl ^ t b tbefr 
rospoottvo 6alt@« offeot of iooe m the pQ of tlie 
estpiilihTBting @oliit«oB t® sBo^ to Ptg»8 witli oeaeS ©olt proccfioro. 
t t iB oleor froa tte© f*etir© tbet corion ©olcotte is byarosen fora 
a df1)oeto aeld where tlie eeootiO <3teeoefQt«oti step t@ 
ttot vers? prObebisr beeaese of tta w t y low voliie* 
tttveree pH titirattoij woe eleo pi?rfor»e<l telttiig ttie exetifiiger t» 
foriw efoinbretlog wttb 061 tma H©CJl otatoree. Tb© 
reeolte «re given in r it»9 wbteti gives tb© flr®t {^ietooifittOD 
•tep only lylfif tii tbfe pi! reiiie« 
the infrereA ebeorptfoa epeotrer? of m r t m eelenft© 
( f tg« l l ) i^ owe fonr ebeoitition peake isltti s^mlre fit 5%00« 16%0, 
t%00 ItOO oiT* «l)toh are eliemeterfettoe of tbo etretolitiig 
vttnratlon of Ittteretttfel *8ter eiifl m group [ v i o** Of!)J, 
tlie M«>OH ^efoniiattoti vftiretioii Eq (BgOy t the aefornietfoii 
luO 
mhmtim at tnt^mtttlel woter ma ot the etrete&tfig 
^fliretloii of iTg resfteotiirelr* ^ coeperleim of 
the infriMPoS epcotre of eertta wslentt© f»ttb atrooataa i^octiiot®^® 
©otiJWMit© cofa^^ fitioti® tliet ©11 of tfieas oootctu tiiteretttlol 
woter !!ioleotile ooS repXeoecble bydros^ tone t£i tha forts of 
00 groop i3tia netol oai^ea bond®. 
Ifee restsltf} of etsecstocl coelyel® (^cMo 0) etjw CeiSe 
rotto ©capte CSS o© t i t . ffeoKss^rovlcotrfo ooclp-efs roeott 
(ftE»lQ) ebw© loe® la ^Igfst Cu© to mtew xi^lmnlCf lt^3 et ncK) c. 
®oit}for©t tbe ocpertcel fotealo t© Ce0g.8©Coi)gQ.fiI1gO bavtug 
foireale ^olt^t 3t9 tattfeoiit water* fti© toJUO of *D* the ostersoX 
water !3ol©eoJc per mlo of cjlse^ ostdo ecu aoloolotssS estufj 
- mu^T. tm ^  
14 • J f t t ^ ai too 
3t9 • tea 
On tbo of elietitecl ooolifsi® of tlie tsaterfal, the 
pB-tltretton enrvesi^  tbe ttiermogrovtaiotrto «Ei©lyets and the 
^eftolte •opporting eviaeoee from tti© lofrered ©peotr^t tli® 
nr> 
follotiiQa tcatettw forcailo my bo propoeea for tui© toiti*ciiolsf?iig©r 
0 
09 0 
m 
on 
isi lowoiteotfoa of tfte t!i©rcol fice<E3pO04tft(m of eoioalte 
ebooo that on tfeo BfA cotve thowo owo foor en^ottiersie 
often to PoBQihtv tho first 
. oQ<3otfcoPoto offcet (ot 240 €) o® tfeo BfA cawo ©f oclewtto to 
t© tho lo©0 of OHtorool t^tor mtin^Qlm, ftio ©teoDfdol 
cBolyeIc FOEoltB eo»ffiro ttif© oecoottoo by lioottos ©eJeolto 
to 
S^ti© oocotia ofi^ otlteimla ©ffoot tin tlio WA eutvQ of eeleotte 
(ot to BQtsanpcnio^  by o p^vtM Iobb of eoSeaies dfosli?©* 
furtfier fieotlQc ttie ©traotarol wnter ©oleotilo t© gooo ea^ tti© 
mtertel Qt 0 csboase© toto o pbcee of oosapoelttoo 
Ce0g,0«50 ^tts t!ie followftig for tU© aeooeposlttoii 
of se leaf to ^ m I t to hmted m€eT ^ o ©onSftloo for reoor^t^ 
tti© w^^  m r ^ B eopiportts tey resaltet 
luO 
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630 C 
file mol|rttonl l®port©i»© of oorloss totmitG era he 
from fb© reetslts of Sa valtio© (fatilo Sl)# tt»o roeolt© 
of vcltte© of vorioes r^tcl Imjs todleote tUct t?ie exehnngor 
tbo |5re®test t>rf»fere»c© for Bg(Tf) eii<! ttsf© beStavlosr my 
lie utllfeeO for tts pr^frenttal npteSte ana fte wee 
trie« Mtth eerteto mt»l terns e»a tho&e prmtimtXy eetil©if#« 
are listed to fn^le IS mm rts»t%* 
Rliiiton of ca(TT), W><TT), fb(tti) oad m(it} Ii»b tmm 
raf?de wtth 0«01M RSO^  iiti1I« elatton of ©croary br^ e feeeo obtaletd 
«ftli 0,1I! RNO^  • 0*1M fmHO^  at iow pfl voltie eti3 nt hlglier tonto 
ttrcngtli* tli« olnttoii of mmnry te thorptr tHan thet of ttie 
luO 
other c!®tol lciii»# my tm do® to ttie tom&ttm of not onto 
conpUm of 
fbe eeporattone are ^ m t i t o t i m cud the error t « 
tJitto t^i ©rror ftiete reeolt© fortbw eoggtst 
ttj© poetlMlltr tbct ^ ( t t ) oes be froa ooltttioe^ of 
im ooQOcntmtto&t* 
9G 
t* M,Qtir0$!ii fina ©•A»!9«M» Tolentfi, t% 1059 (t970)* 
a* n»Wamt BM Aiial«C!ieo*t 
test Ct972>. 
9* ^.S.tfefnay S»8»8e]!iiEti3 ^•P.ilQirott ehCB.i^ai*, 
(1979) • 
6» P^Mmnitkg^ At*AI)eoi>t,!tei»el» % 97 (1970). 
n»R®l»f!3® end A,f»Hda3rt "i^iwaiT Cdatealtantloo to t&o acitorol 
Deperfesast of tba tatcsrfor. Office of 
Mfercfy 6i»firioe&« f970» 
«!feftjiify to tb© QGtural eoviroBrtiat*, A review of reociit 
wot^, Qeologioiil sQfver of CanedOf W%%«70*57t i970» 
I55t, (1957). 
to* lt«P«ntrii@ii» Steades^ r^tliod of eh^ wtes^ l en«ly«4«, 6tt> 
Tol.tp p*936i f i^i»H06trefi<lt !»rliioeto8 (t96Q)* 
tt« C*ti*Wtl«oo Qod Co«prtIieaelire earlytieel etiep^stiy, 
TolttOy |»«89S0« El»«vter» AKtevae® (1968 )• 
tg, Qiiimttiettve tnovgenlc anelystsf Tttrfi Ea,, 
iMgrnt, Umam (t95t)* ll«R«fopp ana K,¥*Pepiier» Jf.cmesi.Soe** 3899 (t9%9)* 
luO 
95 <4081). 
(4963). 
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il.T.Biilloo!: ana M t ^ i e ^ t ^•CJtoca.Ooo.t t877 
g n A w 9 n n » w 
or mnm Emnm^n ot/^tc iirsopAiB 
luO 
meimrBw or eAnm m m m m m sfmsw msmsm 
fbo luereasfisg etodfiis on ttnalytfeel ttfipltoattoiie of 
^tlsetfe tttditanlo tlioi^  ttie great f{!^rtdno« of 
ttidee enbstetKjes* f!i© nm fsnterlol® ©ffoit! nm Qpmittmitim 
Itt ttii} field of eepsrettoia eotciioe* Beside© ttio awelopc^ot 
of nm m t e r M e and thetr sppltestto&e tnteifeet tiee ol@o tmm 
aevtriopea tn ttse fitisretool cSotsletiy 0ff t<m-®»©hci^©rs, 'Jtseroci^  
o iKiweffcsl toot to GttsdF ttie oooSttido egntllbrliiiii 
t^tte ttnettoe plejr© en Iqportimt role to ©tiid^ ttie c^eticsjlica 
of im<»%mhGme* Sots© ettiaieo 00 tilBetto© of too^ -esoticw^ s© m 
tmvgmiti tmi^mehmm^f® fe®*© ^ ea reportei!! rcoeotly**'^, 
Ktaette otodtea m staonte arsenate to imderetiiiid the ti^ elieiiteo 
of too«»e»o!jcii@« on t t i graaolos ore easssrleedl to tfe*© eficpter. 
Esperlfsimtel ond ^eorettoot efipro^bee lieee oeed to ^hm 
the rete of dlffnetow ttiroogti tb© perttolee* flie mev^ of 
aettirattoii ernH other {lereeetere art ealeolated* 
luO 
BSEiyeTBOCTAl* 
g^^esitos ctjilorWe DenteliFdret© (polcna) tm& cif&im 
crmmot0 hoptebrdFRte (8«£>«0«) mre cisod* ottior rceceate 
mm of cmiytleot 
fi^iBbeele of Btannie orstaBetej Sfetinfci oreoooto lureporea 
Isy tslKtos 0«05!-l dQeeone solottfyoe of ©tcssof^  olitdrlde inia 
crecoeto ^tt i ooaotroi ©fiofefnis tbe volow rotio SiC at t^, 
Oa etiSodlBs for tionre ot srooo tli© ^ite getottume 
preoipii&te t t wbb filtered off, ^ t ^ 
floatooimBtetfl u0ter md ot M^C la m fiso CHoa 
pr0<lt30t hvotiG dot® to ftoo imirttoloo i^ &oa tcEjorecfi in wtor, 
woelioa ^ith tjoter ooQ oomrortod to i f fore s^? icceretos tu 
ottrfo Qold for C% t$oar»« f t ^es agolti t^ eelioa wttb deafooroliooa 
©Qtor t i l l froo from eot^ ftaelly ot -10 C to m menm 
Hi© proauot ifG© ooo^rte^ tn ©oaioo fores ^ poeelQ© 0*1!3 aolottoii 
of eoatora byciro^fdo tn a ooloisoft 
ittoetto mmvmmnft note® of esolseiig© wore laoetitired by Ifottod 
botn teofmtQoo* Stminto ereenate we grotm6 well to or<!«r to gtvo 
t>erttoloo of <Stffercot neeti ®te© (90»t00» tOO-i50« 
200«-C70>» i>«rtlolo« of i!»8ti etse (50»t00) were wsca for irorloae 
•todtee HQ lose otber^lee statod* Solottooe of eottona ttikm 
tn stoppered ooofool flesieo ma thermet&tteC et roQOtrod 
t«iE^eratfiro« ybea the rtt^iilred wbb r«eolted e woff^ tsed 
l u O 
ttnoont of tbo esetioiii«r s) ««« cddtd th® flcea^e werte 
iticirottgtilF Mter epproprlet© intervals th© eootent of 
fioeS:® wor© filtered iiefiig itietoaa »ro#4 fitter pcpcr* ffti© 
• ft • 
©igeficBi»e dlffnctoti ©ttjaie® wer® cosdcotij^ ®t GS Of C eaa 60 € 
tjfttj • irrriottoa* 
to e^olilliFotioa esporlt^cQt© 0#Q5 8 of tia© N0'* fora of 
mfshmgm ita© i^otea et 2% ^ t*e to o j olcotrlo cootroll©<3 SfCO 
eliGTser for boere t?ttti 00 eH eolottoo ocmtctcfisB coaioci 
ofeloria© cnQ t^ ® epproprtat© nl&islftio &Gvth oetol ohlorl^e or-
oitreto at total foDto etrenQtla of i«0« fbe eifpemctmt eoltitioii 
voB aaolycofl for c30tQl too ocmtonte* 
Aaolyttocil prooe^iir^t 0©tio9o l^^t ©Q^^ cod Go^^ mm 
deterrataefl %-ltSi tietog Drtocbroc^ t>loo^ T o© toatootor 
^ t l © Qlor^tati® mm a©teyofo«>a Mtli RUf^ nBlng Itei o© ladtoGtor®. 
Soatesj tim <l©tet©to<M3 by ©yetrtmto type ]9o*i@l flets® v^otomter* 
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f!ie r^scilt. af iaotboro. tor B a ^ W 
f!^ ^^ *.^ ©* ©aelionso owa otwo to foblo 11 • tm^^mohmze 
t®otti©K:9 Jor tuP^^m* cbQ or© psmBontrn lis 
tS^ fiaQ 
^ v^mm to m^^ /m Biea/uos 
m ss*e « t*^ © CH STOTffc /irsnmTD 
at. 
m. 
1. 0»000 o.ocm 0*000 
0.035 o.too 0.058 
5« ©•059 o . o n 0.155 O«O70 
O.iSQ 0.837 0»115 
O.W 0.175 0.116 
6. O.W 0.848 0.579 0.231 
0.55% 0 . ^ 9 0.507 
0.569 o.itat 0.589 0.407 
0.65t 0.519 0.625 0.525 
iO« 0.790 0.677 0*800 0,700 
iU i«000 0.868 1.000 0.888 
10 2 
0.8 h 
* 04 
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0.2 Oje, 0.6 0.8 
Piq. lo,n-»»xchanqc isotherm for Ba^! 
exchanqe a t 2 5 • f c (on S t ann i c 
a r s e n a t e ) 
10"' o 
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0.0 
0.2 O.A 0.6 0.8 1.0 
Fiq.15 b l o n - t x c h a n q e isotherm for M q ^ l 
exchange a t 2 5 + 1®C ( on S t ann i c 
a r s e n a t e ) 
1 iH 4 
fli© F wliso© m a tmetim of ttm© boforo ena offer en 
intormptian of SO istnote® ot • sro givm to ^cfelos 
iMi anfl end rucaHe er© plot ts i Fta®» t6o. 
maui u 
tm^Dtmnm mf FOB oica/^ec o^ AwwAm 
m ff^ POt^l Af 83 • s € 
(S%«) tmtovmpttm oppXfea o f to r 15 fsimtm of eliGtstiis 
Bi, nm r p 
f?o» (fslecite) (otlfToa) (smstSrrsd) 
U 8 O . W 
8. 5 
5, to 0»580 O.CfiS 
i5 0.615 0.S58 
10 HlQCitee Ifit«fTfiptta«i 
3. 0 0*6SO 0,95% 
S* 5 0.6%9 0«%19 
7» to 0*66t 0*435 
8. 19 0*689 0.900 
9* SO 0«699 0.9%8 
10, 30 O.TSO o ^ m 
KIT) 
00 L 
r = ».I3 X 
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Pi9.16 A The e f fec t of an interr4«ption on the ; 
of Z n ^ * - H ^ e x c h a n q c (on S t a n n i c ar; 
lOG 
TABUt t% (c<mte«> 
(lib) tQtervnpttoii opplM after tO i!liitit«8 of i^ti^fng 
nm r 
Ko* (fStntite) (ttttrred) 
u 8 0.451 
0*600 
10 0*669 
10 Mtoisto® tofeiTQf^tloii 
0 0*695 
5 0*759 
10 0*800 
7* I f 0*8S0 
0. CO 0*890 
S5 ©•930 
50 
Totamptiozi epplfed aft#r 9 fstnntoe of ulielcitie 
• » 
SI* "Hm P 
Ho. iwAnute) (•ttma) 
8 0*^9 
5 0.618 
10 Mfimtcs fttt«riniptlOB 
5. 0 0*687 
5 0*709 
9* 10 0*77% 
6. 15 0*8«0 
7. 20 0.900 
05 0 . 9 » 
50 
f|i« F vulmt •• « funettoo of i t ait ar* oalealAtsd m6 
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T ! M E ( M I N . ) 
Fiq.16 b E f fec t of an i n t e r r u p t i o n on tht rate of 
H^exchanqe on s t ann i c arsenate 
i o a 
2 0 3 0 
TlMEtMIN.) 
F' iq. iec E f f e c t o f an i n t e r r u p t i o n on the rate of 
Zn^"^^ H * e x c h a n q e on S t a n n i c arsenate 
i o n 
eoirevpOQdlng Bt voliie» ar« givco txf RfeobcotJCRi^ * "The 9 
Bt valces for N© ,^ Hg®*, Ca®*, Ca®"^  iiiia Al^* at thre^ 
rntfemnt tec^erctw®© ere gtwo tii fetjl®© 15, IS end i?* 
T M m i5 
p MS Bt VAMino m A pmcTfcm of ^ t m ^ u Dtrmuffi^ o/mmm 
m ef/mt€ Amsn!Am: 25 • i^s 
' "" 'I t ' I ' ' I 1"""" 
t , ®lii» f? Bt t , att3» F Bt 
Ha^-nf* 
2 10 0.030 
5 ume 15 i»mm « > 
^ nxoticiit^ © 
S O.SIS 0.316 80 0.967 S.9%0 
5 0.9%% 85 0.983 S.MO 
10 0*838 1.3«0 30 0.991 4.110 
15 0.935 2.S%0 60 1.000 -
8 0.508 0,316 SO 0.915 s.ooo 
5 O . W 0.668 S5 0.950 2.500 
to 0.76S 0.99% SO 0.970 3.500 
15 0.881 1.620 60 1.000 m 
mnm t5 iemM*) 
110 
iby odiQ* » r Bt * it fsto* i" ' • m 
iXBtlfmK* 
8 SO 0*856 1.436 
? 0«651 0*59% S5 0.876 1*583 
to 0«868 30 0*!ml @*083 
15 0*809 1*171 60 0*^9 4*110 
Esetiaiipte 
0*580 0.%58 m 1,000 -
5 0«@0& 1*U0 1«000 M 
to fi.lOO 30 1»000 « » 
15 0.975 5.&00 60 1*000 M 
0*518 0*105 so 0.655 0.610 
5 0.376 0.153 95 0*695 0*780 
10 0MJ 0.S50 30 0*708 0*755 
15 0.595 ^ 1.000 -
A l ' W 
8 o*w 0*301 !20 0.937 8*800 
5 0*6%5 0*581 05 0*965 8*850 
10 0*806 1*150 30 0*977 5*300 
15 0*889 1*770 60 1*000 « * 
11 
tmm 16 
V /m VAiMlB AP A CflllCTtOR OF TtffE FOn DtrPEBTSf CAftOSS 
m B7fijmc /^mmAm Af • 
t!l1tt# """ r " Bt tf • r • m 
m^'^n* 1 SsEofeim®© 
a 0*56% 10 0.966 a.680 
3 0.8^ 15 1.000 
« 
m 
B 0*460 m 0*988 3.500 
$ 0.900 m 0.990 %«110 
to 0«6t@ 50 1.000 « 
t3 0.6CKI 60 t.OOO 
e 0.010 SO 0.950 
5 0*660 0.620 m 0.970 3.000 
10 i.200 30 0.985 3.700 
15 1.800 60 1*000 -
8 0.185 20 0.950 Q.160 
f 0*610 0.500 B5 0.960 8.700 
10 0.785 1.060 50 0.975 5.850 
19 0*865 1.500 6© 1.000 <•• 
1 1 2 
t j ®tii» m tf ntii* r 
& 0*610 30 tMO 
5 t»3tO 85 i*ooo 
to 0 . W S«600 SO • • 
4f %a00 00 •K 
nmihmm 
0*i07 0.750 ©•WJ 
S m O.SiO 
t o 50 0,8%9 s.%00 
0*6^ 0»7O0 60 t,0OO 
Q ©•500 ©•300 m 0.973 3.300 
5 0.7W 0,800 85 ©•990 4i*t0O 
to 0.96t t,509 so i«000 M 
13 m MI M 
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f iinD 8t VAims m A pfBCffow or t t ® fob DtFFEtrnT c/mmB 
m B T M m c A m m A w a t $0 * t^e 
t» atn* * P " ' Bt tf tttn. ' r Bt 
S 0.575 io 0.98S 3.520 
5 1.750 19 1,000 
Bmehmme 
2 0.300 so 0.93S 4.000 
5 0*780 1*080 25 1.000 « 
m 8»100 30 • 
15 0.975 5.3SOO 60 - -
EKOtifii^e 
9 0.300 80 0.973 3.150 
5 0.781 S5 0.986 3*800 
10 0»860 u^m 30 1,000 -
15 0.959 2.300 60 • 
Eiielicnif.f) 
2 0.%70 0.859 BO 0.950 8.500 
5 0,674 0.650 S5 0,973 3.300 
10 0.8S5 1.850 30 0.986 3.800 
15 0.9S0 8.000 60 1.000 • 
tmm t7 iemu^) 
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tf islfi* 
'• i m ' t , OflJ. r ' Bt " 
/ 
a 0,615 O.Stl to 0.970 3#010 
9 i*m «5 t .o t^ M 
vwh&me 
n m o . w 
5 0.500 0.501 05 0.850 1.150 
iO 0.653 0.602 30 0.890 l.JlOO 
t5 o.?so 60 i.OOO M 
Gjtotia^e 
s 0.560 t5 0.963 @.eio 
5 0,772 0.090 m 0.985 3*760 
to 0.905 i.e5o C5 1.000 
Hie of P et diffefteQi ttiM» tecpercsttires er® 
|ir««Mtted Id Ffg»«t7» td end t9» Bt vcXnee c® 0 funotton 
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file toii*esobe»ge teotheim tdEitoti l « o i^rephtool 
repreeeatetfoti eomiderim oil po»elbl« ©sperlEsontcl isoiiAittoiis 
et c ^iven tesperotoi^ woe obtetneil by p l o t t t o o the volnes of 
^ verem T^j for ©onpetltlon betwoeo two tsetel Ion© M md m* 
for til® ^rorlottoii of e«|OlHbr€tJs oonccntrotioii, Iti© reealts 
for ( t ) esofeaif,e» oua <tt) cxebooc^o ure^ented 
tf} Ftg»i5 iQtilloote tlidt l^e fieleetfvtts^ obesgee i^ttb ohGnge of 
8K»le fraotioo of B©®^  oiia fbe ootspsrleon of ®©l©ot!vttF 
©oy b© f l l a e t r o t c a epp ro * l oo t® lF m the be®l® o f tbo d f t tanoG 
from tbeoretloel etirvee (sboim in figure dottodi Itiioe) 
for OQQot optcsa© of Be^ -^Ho* or For osoboogo 
t5af tbo SGleotivltr of Be^^ le bfgber tbaa for We* o t oil 
l>otiite* Tbo teleotfvltf f i r e t Inerefifioe t i l l Xg^ S* roeoboe © 
^lite oqaal to O.S« Mtor tbet tb© soleott^lty fleorcaeoe to c 
Dlotoufg vol00 et • 0*55» fbe iolootfvfty agnin tuoreeeec 
for fortter Ifioroofie In resaltt of Sg '^^ -He* esebotige 
©xchptngc, end aro plotted to Ffg* 15b« 
To stttdF tbe naehmiBm of toii»eiRibaiig« tbo eacporlRviitfil 
mad tbeomtloc^l epproaohot were ttppli«i(im tntoiTuiittoii tost 
i0e« ejiiplfed es en experts^otaI test to aeotde «^«tber tbt rote of 
loo-esebrage te oontrolled by ft le Atffoeloo or partiole 
dlffostoii*®* tbe reeolte for exobaage preae«te« to 
riio* 16e^ b end e, abo« an enbaoted rate after 10 mtotitea 
iDterroptlos Indfoattns tbat the iseebealai!! fa controlled by 
1?' 
IMirttolo siffQ^toii t«6« tte elom r«f« of dlffaston to tlio 
esefirnger portlel©» 
fhe QOtiire of tli© rot© <!l«t«ii3t»tii@ step wa® fort!i©r 
ooiiflrcjoa by ovoloetfng ena flodtng oot wlielher 0 nao « i or 
fb© vclo© of 0 te givco follontfin exproesloo^^ 
tti til© cbovo cmpfoeeloii t e ootie^iifrailoii of fisod iotilo 
eborecB (©Quttrolont to oopcelty of tbo esoUcngor)! C ttee 
ooaooatratloa of eolottoti ©QOlvoleotB/Htre, B » tbe 
tat0fSitftsoim ooofffc toat In osoBcssigor osi In i5oltittou ptioso, 
r^ tlao bocd real tie tn OCJ| ^ t© tii© f t l® ttiiotmoee in ©o oea dC^ 
the ©eporottmi fmt&w aoflnofi m oil eotioetitro. 
ttoo 111 ml*/I t t ro of ftio iroatos lovolvoa* 
tlie vaiooo of 0 ootooleted for tb© e*ol>cns© of Zn®*, 
Ca®*, tn®* cna mP*^^ esfibeng© 0-02, 0,O5t O.IS fsnd 
reepootfirolsr ltiaioofl»g ^ot t&o roto fc oootrolloa partfolo 
atffuetoii ( 0 « i ) to a l l tbo ooioe etttaied* 
A BtvSy of oonorntrnttoD effect on the rete of exehm^e 
for et 25*0 filiow® thot oi eooeeittrotloB <0 x to*'^ the 
to f t t e l rate te proportfonol to etne too ooooeetrt^tloa* wlitle at 
ooQOootrotton » to"''^ f t tnacpeoaent of eiwioentrotloa. 
flioreforot tfee stoatos mre m&@ for oonoontratlon greotor 
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rrwn tli« e<meIti«lon draim from intpwmptim and 
^ teetti Hi* ooD^ftlon* were ebosoo to •xplalti a 
perttole atffatioii eieelxsiitess. mi® ei|Qetton developed 1siy 
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et sl,**^ am! IfiBprcnma W Weidhmh^rg^ were to ol»tofi} 
^toettoe pQtcmiterB* Tbe oxtcot of reaetton ) t» aeftnea os 
p « emant of e^oticime ot tlt?*e t 
Dm t^iiit of esobei^ e at l»flotto ttc^ (G^tilltt)rtmi) 
ftiQ veltie of P et atffeff«iit ttise ttitorvol® aisCi atfferstit 
tenporatcres tmir© obtclned for ^^^t Ca^^t 
ottQ onelieus© cskJ ©ro plotted to Figs* 17, 16 eoa i^t 
f t t@ oleor fro!9 th& revolts ttiot ee ttio tor^^raton^ Itiareeeoe 
» e> 
froa 05 0 to &0 C, th© rcte of ton-«sofecsg© eJso taereases, 
llile t® <10© to tb© fcot ^ttb imremina teisperettire 
mt>flfty of t06B ttiorse8e»# ttioe® rofftilte Gl80 loeiost© tbot 
foltielly tbo opte'^ e of loa t© r&{>ld* ^ o tipt@t:e of loo deoreosee 
with tnerease •o tfe©» Them r©®alt» er® fmetSogoo® with t!iet 
of Reltber f»a ««*feovf 
Ae t^e rato detertBlttlng step t « t&roii^ b i^e loo«exetif»iig«r 
portlole* tli« foUo^lng e<|oettoii to valid 
r • J S E ^ E L 
t f l bT 
wiiero 
8 • n® ( « ) 
rt ttio redlat of ttie pertfole* Dt t « tiie offeetlire dlffotloa 
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eoeffletent of two too® mdergoittg ©sotieiig© wttbfii embBng^f 
ana t Is the tio®. 
fUloee of @t oe a ftiootloo of P emy he oatooletfld as 
tetmlcted Ijy Gcfobeaboi^^. fti® typlocl Bt veruo* t plots ct 
ttire«f aiffet«»t teiiperateit)® O t^ ^^ 
(k) C tor an"*, 
Co^*, Ai^^.O'^ ©sobcng© presentea to 
fBbim S5f tli asi piottefi tu Ft®©* ttit 
ret© of eaietieiige t® proportloti®! to tli© tcr^peratoro, 
Tn ©in oos^e tfeo ptot© 8t wrua® t ©re ©trislcUt Iteee puisslijg 
tS r^oonb tbe ortgftj. toatoete© tlset the rot© dettRsfoIng 
etep t e aiffEiston ttirouc^ ^ o esolrtiiig^r partiola© ot @li 
tempeimtvreB etuOiod^ 
fit© par t i Ql€» ei«© be® a effect m t!i© r a te of 
eseftBogOm A plot of Bt ip^rssa t ©t four different pertlole redll 
Ftg# 05 ®lio«© tbet r©t© of ©netoonge to immr@o%r Droporttoiiel 
to tbe nartlole rentes. 
file eQoattoa (1) te i38«a for tbe aoleelettoit of tiie 
aiffoslosi co«ffteleiit (01). me voltiee ere gtren le 19* 
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« 1 0 " ' 0 .5^ s 10*' 0,666 « 10*' 
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l^i© ©ottvcttoa t3ia©*Er thti oaitoii Bolt dfffustoti 
l^roeoes *efloote ttio «c©o iffeteli ogMob paeeet ttiiroi^li ^ o 
0S0tJooger» ftio mlm of Gettvottou ooet?|y (Ca) for mtfermt 
oatioiie or® gtvoo to ftebi© 80» catoolottos of m ma e t^et t to . 
tiofi in «9ii«ii<in (3) glipee e&tropjr of eotfiratioti 
BL • 2*72 aFm/n (A e*/B) < j > 
ifli«i« tli« « is loiito JtUBfi dt»t«tiee e89iia«a e ^ l to 
f X Ir t s tti« Boltsisiiii ooostani ei^ H t« pletnelc** 
eonfltenti T taken os flie f^lntt* an^ S^ ar« gtirwi 
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1« 80« fli« n«gettir« imliwft of A 8* anelogoufi to 
M U g m 
SEUP BiFPcston ««mpncff||f, rmnoT op ^ w A f ? ^ i m m m v t or 
ACItVATfOn OP CEBfAtfl MEfAfe 10!IS OS Sf/ilinc AmmAVB t s fl^ rORW 
-li" "1 •'""i' . 
Htgrftttllg 108 A 6 
(m mi'^h m l * * ) 
a tif^ 
-TO.O 
1.70 » 
S.9 
8.31 » t . 7 
s to-*® s.a •76»8 
tUft %eti®irtmir of dtvaleot ton® csfl ntgratli^ 
tliroagli T waloet of E«t ^^ ^ ^ l^t^ 
aoarlr •t»t2«r pettom to thai ofettaiaod «rttli otbor laorgintio 
1 8 3 
t« ssrlvt® J.tlervte ead il^tttorg.Httel.lSbe®*, 
50t m (tmy, 
8. r.T.oeoo, 35, 3153 (1«71). 
QM^ ibta.p 3% 669 (t977). 
IS»<Jtir©elil| Btliiner CWKI 
( I W ) . 
36» 3 B («f39K 
11» F*!l©lffono&» Ejiobciise^t rseOrew-^ntll^ Hew irotlr» 
259 {t962)» 
69» 2i36 ( I W ) . 
13« n*lf»lt«wer« n*F«B)irthol<i!isew tnia 
Soltds* IS* @1 (1961). 
14* Carla R«itti«r»¥irgtitii end 0»Maifeovfte9y J*Iti3f8«Gbei!i»9 
67i 8863 (1963)• 
19* riire« m6 V.IHetseii* ?Tft 69t 1821 (1961)« 
^OFf^PCft) WtWi SH&tlM ASfill 
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^ysBBCTf) ^ f B soptro Mtm 
ftie avtliscitloii of o^por bae lieoii 
liy © tnjatier of ofi<iBlo TOeseate**"^ attlitosoaei 
Boatiiss dtettisr^  ettpfufrait 8«l!*l>t«ittiiolfii«« 
omiim^ telioirldoxtae end ruMtilo mi^m f t hue l»«ei} o1>e«rv9d 
tliat Qoiie of ttie ohme mtimA mn hts neefoiiir et^lored to 
aetereittKj eopper tii tli© pm&mo@ of eossraoa tnterfeiing too®* 
ta dttt^ toeoiie icetboa ellirort mmar^f titecotti esa iroo liiterff©f« 
©erfOQslr. Ule^l^itfelo oeffeoaoto esliioa® ©itfforo tfe© 
taterfemoo t>f eongaoeeti Meisisttii nlo i^ol, mG eolscilt* 
Ci@*litQit1iioItti0 fof^B 13 ooionred oc^lei ^Itli 611(f) ostir* 
Ae for nibelnle aofe c!C»tliod iDt^rfereiioe tfy ofo^eli 
troQi csetoofy ena psIlceiBo le enevoldeble* 
fliereforo« @ e1iipli» oii<l eoleottn^ ec»ttio<3 tuae hem 
dev«lop«a for itie deteminfittoit of oopi>«r(itf) leased on l t « 
ri«ottos with eodium «jsia€ to glv« & yellm oolotire<l coaplac* 
toterfer«iiD« bjr mny mtal tone to otiser M t b o d t t o not found 
wttb the iprooeot rettioa. preotston of tbe ti^tbod te oleo 
otiiat«d« 
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AjjpBrotwt *it«tseir (ipeotr« 79* ««plo9red for epeotrofihoto* 
mtno mwk* CItoo pn c®t«r M-10 (tiiatfl) w®® f»r 
ettd >oltitto« 
Stcnaera imimtrfTY) eolotttfat Soliittoo of eopperCtf) m0 
prepeM l>y ai8«olvt»g 100 ^ etO]»f»«r niir&te (iinalen 
tfi 100 el <!eii!tiii»rottee^ water* fbe mtel mntoot wee mt&wtsin^ 
tttrlf^etrtoelly «Htti m^H mitm toaioetor®. 
Podines eatde tolotlooi w/v eodliw astae eolotftm was 
pr^poma til mier* 
Buffer »oltittoiit ffeo buffer solattoae of affforest 0-.11 wer® 
preparers hy reported prooefiafe of Brltton^^ ftie oosrpoettlon 
is gtven to ?aDte 
lieeoi»enae<l iirootdoret M eli^itot of mwpte eotatfon eontetiifiig 
2 to 260 pg of copper wee teleea to 10 si voloj^etrlc flneSs followed 
lijr tbe eddttttm of 1 nl of w/v eodtn i^ estde eolotloii* flie 
/ 
relation ffltxtiire wee ebeken well &&0 to thte S ml of Duffer 
eolation of required pH wee edded* Itie eolotton wee tbeii 
diluted to 10 eil wttt) deatcereltsed weter* Itie ebeoftienee wee 
meettred at 410 nm egetnet tlie reeient 
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To <l«v«l02> til* optinas) ooatftttooft for ttie reaottoa 
^•twteii •odfitiB aefao end oopperCtf «ff«et of varlou* 
|H>»»il»l« irarta1»l«8 vm etudled* 
Ahmtpttm ipcoWt Coi>p«rCTt) ^ l low ooioiir«d oiMplcat 
«fttk eo i^esi irtttsi ebeorptfoo at 4iO nm* flie 
cbeofptloa epeetros ia eiioini in IPtg* !I7» 
l ff»ot of fiHi tbe «ff©ot of jpR •tndlea mmng 9 of 
lioffer solution of aiff@r«nt pB to 8 solotton oontatntfig iJO ^ 
of ooppor mm i ml of eodlms eeftfo asid osktog ttie ffocl 
i^ olaia© opto 10 fli© y©©QJi® or© gfven fa Teblo 
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•^•9.2 7 S p e c t r u m of t h f coloured complex of CopperAzidt 
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of r«egcp» eopc»titiiitt<wit Ailotmt of •odinis eelde also 
Affect* tt}« ooloor reaettoo* A etndy of Iti^ effeet m mltmr 
In tensity ^nm tna^e tfjf a f i i l^ 1 ml of tsiti^mnt ooQeentratioiie 
of fioMra mi&e eoluttoo to 130 pg of oopper<fT) solottOQ* 
5 ®1 buffer toltattoo of pU B.Q wet eda«a to the reeetton Estxiare 
and total irolttot vae lai^e opto tO ol »ftli dostotrslf red iretor* 
fl»© vemltB or© f^reoeotod Its 83 ima ©re sliowu fti 
trnm ^ 
ETTECf or sonTii! Amm coammnmm 
m TO or colopg 
ISO m of oo|»per<Tt) • 5 of pS tiaffor • t ol of ©odlun ©ata® 
SodlQs aside mBotbeim* 
at 410 m 
0.9 0»S9 
1»0 0*%d 
M2 
4,0 0,00 
9#0 0«8S 
6,0 
7,0 0,8% 
10,0 0,89 
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•/. C O N C E f T T R A T I O N OF SODIUM A2I0E 
f " i q .2B f f f t c t of Sod ium A z i d t concentration on the 
absorbance of yel low coloured complex 
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Effgot of fmerBtwni fh« •ffeot of tetap«rctare wa® ttaaied 
odatng f 8il of 8oafti@ end 9 ml of pH 0*2 traffor to 
e toltiitoii eontalnti^ 150 ^ eo(Tt) and diking ttie ftoel voIup^ 
opto to rntm Mt^t tscatios tbo rweetton for 10 ntfiutee 
6t ttte aeetred teaspevetare tti vater bfitb ebBot^mm t^ m 
mmaree et %iO so* fbe reetilt^ are i^^ trAo tti 
TABm 
B$TEC9 OP fBMPcmmm m fm i s r a s T f ? op eomm 
5 ol bxstter pQ • 1 0I 50 • 130 ps copper (ft) 
" " r - " 
fift{)«rattir« iibsorberteo 
at 410 mm 
10 0.70 
so o«so 
30 O.Sl 
%0 0*03 
50 0.80 
m o.so 
eo 0»78 
100 0.76 
Effoet of ilBtin "To otodr t!se «ff«ct of tlrao on tb® totenottjr 
of the ooloort el)eoyfiim«e of oonpleac ooted ot different 
Intorveio of titie* AhBorbmm remained eonetent t i l l ^S lioiire* 
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Cowiwittoo of the ooatpiegi fli« eoi!<|>9«tti€iii of the eopimr 
iistd* eossplex t>F end aoie retto Mttio<It« 
For eotboaSf 0«OiM colottOQS of eopptr end cstde 
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S Y N T H E S I S AND ION-EXCHANGE P R O P E R T I E S 
OF TITANIUM TUNGSTO-ARSENATE: 
SEPARATION OF L E A D ( I I ) FROM M A G N E S I U M ( I I ) , 
ZINC(U), M A N G A N E S E ( I I ) , AND C O P P E R ( I I ) 
JAGDISH PRASAD RAWAT a n d MASOOD AKHTAR KHAN 
Department of Chemistry, Aligarh Muslim University, Aligarh-202001 (India) 
Summary. — A new inorganic ion exchanger, titanium tungstoarsenate, has been synthe-
sised by mixing aqueous solutions of titanium(IV) chloride, sodium tungstate, and sodium 
arsenate at a pH of 0.5. The material in H+ form behaves as a polyfunctional weak acid. 
Ki values are determined for some common metal ions and the selectivity of lead is utilised 
for its separation from Mg", Zn", Mn", and Cu". 
Riassunto. — Mescolando fra loro a pH=0,5 soluzioni acquose di cloniro di titanio(IV), 
di tungstato di sodio e di arseniato di sodio e stao preparato un nuovo scambiatore di ioni 
inorganico, il tungstoarseniato di titanio, che, nella sua forma idrogeno, si comporta come 
un acido polifunzionale debole. Sono stati determinati i valori di Ki per alcuni dei piii 
comuni ioni metallici e la selettivita per il piombo viene impiegata per separare lo stesso 
da Mg", Zn", Mn" e Cu". 
The use of inorganic ion exchangers for separating metal ions is 
increasing. They are preferred over their organic counterparts because of 
their high selectivity towards certain metal ions. Various types of inor-
ganic ion exchangers have been reviewed by Amphlett', Pekarek and 
Veseley^'^ and Walton'. Some attention has also been paid to hetero-
polyacid salts. The ion-exchange behaviour of stannic molybdoarsenate \ 
stannic tungstoarsenateti tanium phosphosilicate \ zirconium phosphate 
silicate® and others have been studied. No such studies have been re-
ported on titanium tungstoarsenate; we have synthesised this material 
and studied its ion-exchange behaviour. 
EXPERIMENTAL 
REAGENT 
Titanium(IV) chloride (15% w/v solution) LR («BDH»), sodium tungstate AnalaR 
(« BDH »), and sodium arsenate (pure crystalline product from « Riedel», Germany) were 
used for the preparation of titanium tungstoarsenate. All other chemicals were of ana-
lytical grade. 
APPARATUS 
An electric temperature-controlled « SICO » shaker was used for shaking. A « Bausch 
& Lomb » Spectronic 20 and an « ELICO » pH meter LI-10 (India) were used for spectro-
photometric and pH measurements, respectively. The pH meter was calibrated with standard 
buffers. 
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SYNTHESIS 
The titanium tugnstoarsenate was prepared by mixing a 0.10 M solution of sodium 
tungstate (standardised gravimetrically by mercurous nitrate) and a 0.10 M solution of 
sodium arsenate (standardised by Volhard's thiocyanate method) with a 0.25 M solution 
of titanium(IV) chloride (standardised by titration with ammonium ferric sulphate) in 
different volume ratio, as shown in table 1. Hydrochloric acid was used to adjust the pH 
value. The precipitate was allowed to stand for 24 h at room temperature and then washed 
with distilled water by decantation, filtered off, and dfie'd at 40 °C. The dried product 
broke down into small particles when immersed in water. It was converted into the 
hydrogen form with 2 M nitric acid and finally washed with demineralised water. 
RESULTS 
CAPACITY 
The ion-exchange capacity of various samples of titanium tungsto-
arsenate was determined by column operation. The ion exchanger in the 
hydrogen form was placed in the column with a glass wool support. 
1 M potassium nitrate solution was used as the eluent. The hydrogen 
ions eluted from the column were titrimetrically determined with a 
standard solution of sodium hydroxide. The results are summarised in 
TABLE 1 - CONDITIONS OF PREPARATIONS AND PROPERTIES OF TITANIUM TUNGSTOARSENATE 
Sample Mixing Ratio Ti:W:As pH 
H+ liberation 
ion-exchange 
capacity, meq g"' 
Composition 
Ti:W:As 
M-I 1:1 :1 0.5 1.08 
M-II 1:2:1 1.0 1.54 — 
M-III 1:2:2 0.5 1.26 3.22:1:1.38 
M-IV 1:4:4 0.5 0.98 — 
table 1. In order to see its working capacity as ion exchanger, the ca-
pacity was determined for some mono- and di-valent cation solutions. 
The results are given in table 2. The capacity was also determined as a 
function of eluent concentration. The hydrogen adsorption capacity, by 
releasing other cations, was also determined on sample M-III and was 
found to be 0.47, 0.435, and 0.453 meq g-' for releasing Ba^+, Mg2+, and 
Zn^+, respectively. 
RECYCLING 
Recycling of 1 g of titanium tungstoarsenate sample M-III was 
performed for five times. The ion-exchange capacity for 1.0 M K+ after 
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TABLE 2 - ION-EXCHANGE CAPACITY OF TITANIUM TUNGSTOAKSENATE (SAMPLE M-III) FOR DIFFERENT UNI-
AND DI-VALENT METAL IONS 
Metal Salt solution used" 
pH of the 
solution 
Hydrated 
radii, A 
Ion exchange 
capacity 
(meq g- ') 
Li+ Lithium Nitrate 5.9 
Na+ Sodium Nitrate 6.0 
K+ Potassium Nitrate 6.0 
Magnesium Nitrate 6.6 
Ba'+ Barium Nitrate" 6.7 
Sr^+ Strontium Nitrate 6.7 
3.40 
2.76 
2.32 
7.00 
5.00 
1.00 
1.06 
1.26 
0.90 
0.97 
0.87 
(") Concentration was 1 M unless otherwise stated. C) 0.5 M. 
each cycle was found to be 1.26, 1.23, 1.21, 1.18, and 1.17 meq re-
spectively. 
< 
TABLE 3 - SOLUBILITY OF TITANIUM TUNGSTOARSENATE IN DIFFERENT SOLVENTS (mg/50 ml) 
Solvents 
Sample M-I Sample M-II Sample M-III 
(concentration) Tita- Tung- Tita- Tung- ^ Tita- Tung- ^ j 
nium sten Arsenic ^^^^ Arsenic ^^^^ Arsenic 
D M W 0.0 0.08 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
NaNOj (1 M) 0.0 0.150 0.0 0.0 3.10 0.0 0.0 0.^5 0.0 
NH.NO3 (1 M) 0.10 0.30 0.0 0.0 2.20 0.0 0.0 1.160 0.0 
HCl (4M) 2.99 14.76 0.624 5.08 18.30 0.624 1.79 4.47 1.472 
HNO3 (4 M) 2.99 14.70 0.598 4.18 6.25 0.60 1.60 1.49 0.920 
H2SO4 (4M) IM 44.7 8.97 4.45 4.18 31.32 
NaOH (0.1 N) 0.02 0.783 0.0 71.60 1.24 
Methanol 
(100%) 0.00 0.895 0.550 0.0 4.02 0.60 0.0 0.0 0.783 
Acetic acid 
(4 M) 0.0 0.150 0.0 3.1 0.810 0.0 0.895 0.312 
Oxalic acid 
(0.2 M) 8.37 49.20 0.920 8.31 0.507 0.5 30.43 0.507 
(°) Demineralised water. 
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H E A T TREATMENT 
Sample M-III was dried at different temperatures in a muffle furnace 
for 2 h and the ion-exchange capacity for 1.0 M K+ was 1.26, 1.11, 0.68, 
0.26, 0.18, 0.12, 0.08, and zero meq g"' for product dried at 40, 60, 100, 
200, 300, 400, 500, and 600 respectively. 
CHEMICAL STABILITY 
A 0.5 g portion of the exchanger was shaken in a flask with 50 ml 
of the solution concerned in a temperature controlled shaker for 6 h. 
The undissolved portion of the exchanger was removed by filtration. Ti-
tanium, tungsten, and arsenic were determined in the filtrate spectro-
photometrically by the hydrogen peroxide", ammonium thiocyanate" 
and molybdenimi blue" methods, respectively. The results are shown 
in table 3. 
CHEMICAL ANALYSIS 
The exchanger M-III (0.5 g) was dissolved in 20 ml concentrated 
sulphuric acid. The titanium was determined by titration with ammo-
12.0 r 
o KCI + KOH • LiCULiOH * NaCt+NaOH 
p H t i t r a t ion curves w i t h added sal ts for 
' 0 2 0 3 0 4 0 5 0 t i t an ium tungs toa r sena te sample M-III . Volume of O.IN oikoliodded (ml) 
nium ferric s u l p h a t e T h e arsenic was separated as silver arsenate and 
determined volumetrically by Volhard's thiocyanate m e t h o d T h e tung-
sten was determined with mercurous n i t r a t e T h e results are given in 
table 1. 
ION-EXCHANGE POTENTIOMETRIC TITRATIONS 
Potentiometric titrations on the titanium tungstoarsenate sample 
M - I I I were performed by the reported methods"-'®. Eleven Erlenmeyer 
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flasks of 100 ml capacity containing 0.5 g of the exchanger in each flask 
were taken. Varying volumes of 0.1 N NaOH and 0.1 N NaCl were added 
in the ratio so that the total [Na+] remained constant in every flask. 
The final volume was 50 ml. The flasks were then placed in a shaker 
incubator for 4 h. The pH of the supernatant liquid in every flask was 
TABI£ 4 - Ki VALUES ( m l g " ' ) ON TITANIUM TUNGSTOARSENATE 
Solvent system 
Cation 
DMW« 10-'iW HNO, 10-^  M HNO3 10-' M HNO3 10-'M NH4NO3 
Ball 270.60 158 145.6 59.4 18.2 
Sr" 347.5 588 37.7 8.4 0 
Pb" 682.2 b 369 297 101 
Mn" 250 5.6 7.8 
Cd" 228 172.5 134 19 16.8 
Zn" 294.4 877 7.5 2.8 4.4 
Mg" 132 127 33.0 4.8 0 
Lain b b 115 330 
Thiv b b b 171 
Tb"! 832 366 115 11 191 
Smin 5975 233 184 62 223 
Dyiii 636.6 342 112 268 
Priii b b 187 460 
Gdin 1130 446 151 173 
Ni" 160.6 30.3 28.2 20.7 29.4 
Ceiv b 284 206.2 49 
Cu" 1982 1164 11.30 6.5 10.2 
C) Demineralised water. (') Total adsorption. 
measured and plotted as a function of concentration of the alkali added. 
Similar experiments were carried out for pairs of lithium chloride - li-
thium hydroxide and potassium chloride - potassium hydroxide. The 
results are given in the figure. 
DISTRIBUTION COEFFICIENTS 
The distribution studies were carried out for metal ions by batch 
process in the usual manner" after attaining equilibrium by shaking the 
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metal ion solution with exchanger beads for 6 h at room temperature 
(30 + 1 °C). The KA values for the metal ions were calculated by using 
the following expression: 
Ki = I - F 50 0.5 ml g-' 
where I is the volume of EDTA consumed by the original solution and F 
is the volume of EDTA consumed after equilibrium. The total volume of 
TABLE 5 - SOME SEPARATIONS ON TITANIUM TUNGSTOARSENATE COLUMNS 
Serial 
No. 
Separation Eluents 
Volume of 
effluent 
collected 
(ml) 
Amount of 
cation 
loaded 
(lig) 
Amount of 
cation 
recovered 
(ng) 
Error 
(%) 
1. Mg" 0.02 M NH,NO, 80 167.7 166.7 -0.6 
Pb" 0.075 M HNOj 80 1541.6 1529.1 -0.8 
2. Zn" 0.02 M NH,N03 70 570.1 570.1 0.0 
Pb" 0.075 M HNO3 80 1541.6 1549.8 +0.5 
3. Mnii 0.02 Af NH^NOj 90 556.6 550.0 -1.2 
Pb" 0.075 M HNO3 70 1541.6 1566.4 + 1.7 
4. Cull 0.02 M NH4NO, 90 603.6 597.3 -1 .0 
Pbii 0.075 M HNO3 80 1541.6 1549.8 +0.5 
the solution is 50 ml and the amount of the exchanger used is 0.5 g. The 
results are summarised in table 4. 
SEPARATIONS 
For separation studies, 2 g of titanium tungstoarsenate in H+ form 
was taken in a glass column 30 cm in height and of diameter 0.69 cm. 
It was regenerated with 2 M nitric acid and washed with demineralised 
water until the eluent was neutral. The rate of flow in all separations 
was 0.5 ml min"'. The eluents were nitric acid and ammonium nitrate. 
Important separations achieved are given in table 5. 
DISCUSSION 
The results of this study show that titanium tungstoarsenate is a 
weak cation exchanger with ion-exchange capacity ranging from 0.98 
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to 1.54 meq g"' for various samples prepared (table 1). Sample M-III 
was preferred over other samples because of its higher stability (table 3). 
The results of the chemical composition of sample M-III show that the 
combination ratio Ti: W: As is 3.22 : 1 :1.38. 
The ion-exchange capacity varies from one ion to another. Being a 
weak exchanger, titanium tungstoarsenate has a capacity which depends 
upon the selectivity. Determination of capacity after recycling showed 
that there was very little loss in capacity; therefore, the same column 
of ion exchanger may be used again and again. However, the capacity 
depends upon temperature and drying temperatures higher than 60 °C 
are not advisable for this exchanger. The results of pH titration curves 
(figure) of this exchanger in H+ form reveal that the material behaves 
as a polyfunctional weak acid. The equivalence point is determined by 
the inflection point but in this case, as the ion exchanger behaves as a 
polyfunctional weak acid (in H+ form), no certain equivalence points can 
be identified. The distribution studies (table 4) indicate the possibility of 
some important separations. On the basis of the large differences be-
tween the Ki values for certain metal ions some separations were tried 
and those practically achieved are listed in table 5. These results reveal 
that a titanium tungstoarsenate column can be used to separate 
from Mn^ + and Cu^ + quantitatively. 
We thank Prof. W. Rahman, Head, Chemistry Department, for pro-
viding research facihties. One of us (M. A. Khan) thanks CSIR, New 
Delhi, for financial assistance. 
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MECHANISM OF CATION EXCHANGE ON STANNIC ARSENATE 
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Abstract—The kinetics of Na^, Zn^^, Ba^"^, Mg^^, Cd^^, Ca^^ and Al'^ ion exchange reactions on stannic arsenate 
are studied at three different temperatures 25, 40 and 60°C The mechanism of exchange is particle diffusion as 
indicated by the interruption test and 0 test This was confirmed by the linear Bt vs t plots The diffusion 
coefficients, activation energies and entropies of activation are calculated 
INTRODUCTION 
Interest has developed in the physical chemistry of in-
organic ion exchangers Thermodynamics is a powerful 
tool to study conditions at equihbnum, but kinetics have 
an important role m the study of the mechanism of ion 
exchange Various studies on the kinetics of ion 
exchange by certain synthetic inorganic ion exchangers 
have been reported[l-6] In the present report we sum-
marize our studies on stannic arsenate Experimental and 
theoretical approaches have been used to show the rate 
of diffusion through the particles The energy of activa-
tion and other parameters are calculated 
EXPERIMENTAL 
Synthesis of stannic arsenate Stannic arsenate was prepared 
by mixing an 0 05 M aqueous solution of stannic chloride penta-
hydrate and sodium arsenate with constant shaking in the volume 
ratio 3 2 at pH ~ 1 [7] The product after drying at 40°C was 
converted into the H^ form by 2MHNO3, washed with 
demineralized water and dried again The dried product was 
converted to the Na^ form by passing 0 1 N N a O H solution 
through a column of the exchanger 
Kinetic measurement Rates of exchange were measured by 
the limited bath technique Stannic arsenate was ground well in 
order to give particles of different mesh size (50-100, 100-150, 
150-200, 200-270) Solutions of the cations of constant ionic 
strength were taken in stopered conical flasks, thermostatted at 
the required temperature A weighed amount of exchanger (0 2g) 
was added and the flask thoroughly shaken while thermostatted 
After appropriate intervals the contents of the flask were filtered 
using Whatman No 4 filter paper The ion exchange diffusion 
studies were conducted at 25, 40 and eOT, with ± TC variation 
To perform the interruption test the above procedure was 
applied for another set and after a specified time (10 mm) the 
exchanger particles were removed and quickly separated from 
the adhering solution After 10 mm they were re-immersed in 
their solution and the experiment continued The metal ion 
content was then determined at various time intervals 
Analytical procedures Mg^^ Cd^"^, Ca^"^, Ba'^ and Al'-" 
were determined with EDTA[8] Na'" was determined by a Sys-
tronics type No 121 flame photometer 
RESULTS AND DISCUSSION 
Ion exchange isotherm 
The ion exchange isotherm which is a graphical 
representation of the equilibrium at a givM temperature 
was obtained by plotting the values of Xm VS Xm for 
competition between two metal ions M and Na'^  at 
different equilibrium concentrations, where X ^ and Xm 
are the mole fraction of the metal ion in exchanger and 
solution phase respectively The results for (i) Ba^ -^Na"^ 
exchange and (ii) exchange are presented in 
Fig 1 These curves indicate the variation m selectivity 
with change of mole fraction of the metal ion Ba^* and 
Mg^ "^  The selectivity may be estimated from the dis-
tance of the point from the ideal behaviour for the same 
I 0 
Fig 1(a) Ion exchange isotherm for Ba '^ -Na^ exchange at 
25 ± r C (on stannic arsenate) 
XMg' 
Fig 1(b) Ion exchange isotherm for Mg^'^-Na^ exchange at 
2 5 ± r C (on stannic arsenate) 
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mole fraction of exchanging ion, (shown in figure with 
dotted lines) for equal uptake of and Mg^ ""-
Na"". For Ba^-Na* exchange Fig. 1(a), the selectivity for 
Ba^ "^  is higher than for Na'^  at all points. The selectivity 
at first increases till Xea^* reaches at a value equal to 0.2, 
after that it decreases to a minimum value at XBa2+ = 
0.55. The selectivity again increases for further increase 
in XBa2+. The results for Mg^ '^ -Na"^ exchange are similar 
to exchange and are plotted in Fig. 1(b). 
Mechanism of exchange 
To study the mechanism of ion exchange both experi-
mental and theoretical approaches were used. The results 
for exchange are described at greater length. 
Similar results are obtained with other metal ion-H"^ 
exchanges. The interruption test was applied as an 
experimental test to decide whether the kinetics are 
controlled by film diffusion or particle diffusion [9]. The 
results for Zn '^^ -H"' exchange are presented in Fig. 2. 
These results showing an enhanced rate after lOmin 
interruption indicate that the mechanism is controlled by 
particle diffusion. This is because the concentration 
gradient disappear in the particle during the interruption 
and on re-immersion are much greater than before at the 
surface. 
The value of the function <f) may be calculated to 
decide the rate controlling process [10]. The value of cp is 
given by the following relation 
QDS 
' CDto 
(5 + 2aB^) 
A study of the concentration effect on the rate of 
exchange for Zn^ -^H"^ exchange at 25°C shows that at a 
concentration < 2 x 10"^ N the initial rate of exchange is 
proportional to the zinc ion concentration, while at 
concentrations > 2 x 10"' N it is independent of concen-
tration. Therefore, the studies were made for concen-
trations greater than 2 x N. From the conclusion 
drawn from the interruption and tests the experimental 
conditons were chosen to explain a particle diffusion 
mechanism. The equation developed by Boyd et a/. [11] 
and improved by Reichenberg[12] were used to obtain 
kinetics parameters. 
The value of F at different time intervals and different 
temperatures were obtained for Na'^, Zn^ "^ , Ba^ "^ , Mg^ "^ , 
Cd^ "-, Ca^ "" and Al'-'-H'" exchange where F is defined as 
The amount of exchange at time t 
The amount of exchange at infinite time (equilibrium)' 
The results are presented in Fig. 3 which gives the 
comparative behaviour of all such exchange reactions. 
The typical Bt vs t plots at three different tem-
peratures 25°, 40° and 60°C for Zn '^^ -H"' and 
exchange are presented in Fig. 4 where 
(1) 
where >^is the concentration of fixed charges (equivalent 
to capacity of the exchanger); C the concentration of 
solution in equivalents/litre, D and D the interdiffusion 
coefficients in exchanger and in solution respectively; r 
the bead radius inCm; 8 the film thickness_(»n) and a p ^ 
the separation factor defined as CA CBjCB CA where 
all the concentration in mol/1. of the medium involved. 
The values of <f> calculated for the exchange of Zn^ "^ , 
Cd'-", Mg'^ and Ba'^-H"^ exchange were 0.02, 0.03, 0.12 
and 0.48 respectively indicating that rate is controled by 
particle diffusion (cf) < 1) in all the cases studied. 
I.O 
3.0 
S 
1.0 
Fig. 3. Plot of Bt vs t for: () , A, A, 
Mg^"", 0 , Ca'*, X, Na" ; on stannic arsenate at 2 5 ± I T . 
4 0-
20 30 
t ( min) 
Fig. 2. The effect of an interruption test on the rate of Zn^^'-H'^ 
exchange on stannic arsenate H^ form. 
Fig. 4. Effect of temperature on the rate of exchange for Zn^*-
H"^  and Ba^'^-H^ exchange on stannic arsenate. 
i.Or-
Mechanism of cation exchange on stannic arsenate 
II.0 
907 
Di = Doexp(-Ea/RT). 
The value^ of EA are given in Table 1. 
10 
s 
Ol 
o 
10 20 30 
t (min) 
Fig. 5. Influence of particle size on the rate of exchange for 
Zn^-H* on stannic arsenate: A, 1.13x 10"''m, O, 6 . 1 5 x 1 0 " ' m , 
• , 4 . 3 0 x 1 0 " ' m, A, 3.05 x 10" 'm. 
IX is the effective diffusion coefficient, r is the particle 
radius [13] and t is the time. The results show that the 
rate of exchange is directly proportional to the tem-
perature. Similar plots were obtained for Na^, Mg^^, 
Cd^ "", Ca^ "^  and Al'"" exchange. In all cases the plots Bt 
vs t are straight lines passing through the origin. Jhis 
indicates that the rate determining step is diffusion 
through the exchanger particles at all temperatures stu-
died. 
The particle size has a marked effect on the rate of 
exchange. A plot of Bt vs t at four different particle radii 
Fig^5 shows that rate of exchange is inversely propor-
tional to the particle radius. 
Equation (1) is used for the calculation of the diffusion 
coefficient (Di). The linear relationship between logDi 
and l /T (Fig. 6), enables the calculation of the energy of 
activation (Ea) from the Arrhenius equation 
11.6 -
12.! 
J, ( J . 2 J.J J.< 
I/T^io-^k 
Fig. 6. L o g D i against lIT'K for A, N a ^ Z n ' ^ x , O, 
Mg^^ A, Ca ' " , *, • , Al ' " . 
Calculation of Do and substitution in eqn (3) gives the 
entropy of activation (AS*) 
Do^l.lld^kTjh exp{^S*|R) (3) 
(2) 
where d is the ionic jump distance assumed equal to 
5 X 10"^° m, k is the Boltzmann constant and h is the 
Planck constant. T was taken as 273°K. The values Do 
and ^S* are given in Table 1. These values give a very 
similar pattern to that obtained v i^th other inorganic 
ion-exchangers [5,6]. 
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Migra t ing Ion Do 111^  s - ^ Ea, KJ mol - l S* J deg" l mol" l 
Na^ 1.15 X iO-9 3 . 3 -57.1, 
8 .51 X 4 .4 - 7 0 . 0 
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